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CELL TARGETING METHODS AND COMPOSITIONS 

Background 

Promises of cures of a wide variety of diseases or tissue injuries by specific 
replacement of damaged or malfunctional tissues by use of totipotent, pluripotent or 
multipotent stem cells is on the horizon in clinical practice (see. e.g.. Fuchs. at aJ., 2000 Cell 
100:143-156; Weissman et al., 2000, Cell, 100:157-168; Blau. et al.. 2001, Cell. 105-829.' 
841). To transmute a somatic cell into the variety of cell types needed for tissue ^.generation 
and reconstruction in vertebrates is a realistic goal. In fact, tissues that were formerly 
considered incapable of extensive regeneration, such as brain, spinal cord, and canliac 
muscle, now appear to be capable of reconstruction funcUonally, at least to some extent by 
stem cell populations. Stem cells derived from the embryo and from adult tissues have been 
shown to have extensive potentials for self-renewal and differentiation. However, methods of 
targeting of stem cells to specific target tissues and their potential value for use in tissue 
reconstruction procedures require further study. Investigation in these areas may lead to 
realistic approaches in the future for stem cell therapy in a variety of human diseases, tissue 
injuries, and other clinical problems. 

m addition, efforts in tissue engineering and restorative surgery would be improved by 
advances in cell targeting technology. For example, current applications of tissue engineering 
to articular cartilage have focused on manipulating cartilage-fonning cells, committed 
chondrocytes or osteochondral progenitor ceUs as a souree for the tissue regenerated. Oneof 
the cornerstones/obstacles in implementing this technology is being able to direct the cells or 
tissue, engineered in vitro, to the precise in vivo site were repair is needed. 

Summary of the Inventiftn 

Certain aspects of this invention provide compositions and methods for delivering 
progenitor cells to target tissues. Ih one aspect, the invention provides cell delivery 
compositions comprising a progenitor cell and a targeting moiety that binds to a target tissue 
wherem the targeting moiety selectively directs the progenitor cell to die target tissue In 
another aspect, the invention provides methods of delivering a progenitor cell to a target tissue 
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u, . subject S„ch methods may i„c.ude a Uvo.«p «rgeU„g app^h. coo^^sing: a, ca«,ng 
™,.or oe,, a Hnken b, cc„.ac«„g ,he coated ^^u. ceU »i.h a .a,g«i„g .o.e^' 
btnds to «,c and can tben .„ ^ ^ „^ ^ 

progont^r eel, complaxed with d. .a.ge«„g moiety to a subjea. OpUonaMy. such methods 
may mCude a one-step ,arged„g approach, comprising: a) c.«u„g ^„ . 

.argettng motcty that binds to a tatge. tissue and the ptoge^tor ceU; and b) administering d» 
progemtor cel. compiexed with the targebng moiety to a subject L,,either case, the .a,geti„g 
moiety selectivelydirects the ptogenitorcell to dKtatgetUssue. 

In ce,«^n embodimenh,. the png«utor cell is selected from the gtoup consisting of a 
tottpoten, stem cell, pluripoten. stem .nuMpoten. stem ceU, mesenchymal stem cell 
neuront^^stem cell, hematopoietic ston cdl. panceatic stem «,l. cdiac stem cel.. embtyonic' 
siem cell, embryontc gem, cell, neur.1 crest stem cell, kidney .,«n cen. hepaUc stem cell 
lung stem cell, hemangioblaa, ceU, and endothelial p™genitor..ll. Optionally, «,e progenitor 
cel. ts selected from a de-diffe.«,ria.ed chondrogenio ««, myogenic cell, osteogenic cel.. 
•endogenic cell. Hgamentogemc cell, «iipogenic cell, and dermato^ic cell 

ta certain embodiments. Ute ptogenitor cell is pte^ted with a linker, such as a 
l»o<e.n G or pr«ein A. Optionally, the Bnker is modified with a Lpophilic moiety which 
u^ludes Without limitation, a p^toyl moiety, myristoyi moiety, nwgaroyl moiety, stearoy. 
motety, ^y, ^ ^ ^ 

decanoy, tnoiety. lau^yl moiety, palmitofe.,, ^^^^ 

motety. A pteferred UpopWlic moiety is a pahnitoyl moi«y, a myristoyi moiety or a 
margaroyl moiety, 

la o««r embodiments. a« progenit™- cell is din»:tly linked to the targeting moiety. 
Opaondly. the targeting moiet, is modified with a lipophilic moiety which inc.udes without 
toh.no„ a palmitoyl moiety. n,yristoyl moiety, margaroy, moiety, stearoy, moiety. 
»»ch.doyl moiety, acetyl moie^,. butytyl moiety, hexanoy, moiety, octanoyl moiety, decanoy. 
"Knety, lauroyl moiety, paimitoleoyl moiety, behenoyi moiety, and lign„c««,l moiety. A 
prefened Upq*ilic moiety is a palmitoyl moiety, a myristoyi moiety or a margamyl moiety 

i. cettatn embodiments, the progenitor cell expiesses a cell surface maricer or an 
extracellular matrix molecule, for example, CD4, CDS, CDIO, CD30, CD33. CD34. CD38, 
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CD45, CD133, CD146. fetal liver kinase-1 (Flkl), C-Kit. Lin, Mac-1, Sca-J. Stro-1. Thy-1 
collagen types H orlV. OI. 04. N-CAM, or stage-specific embryonic antigen (SSEA). 

In certain embodiments, the targeting moiety comprises a component of a specific 
binding pair. Preferably, the targeting moiety interacts with an epitope intrinsic to the target 
tissue. OptionaUy, the epitope may be a protein or carbohydrate epitope of the target tissue. 
In one embodiment, the carbohydrate epitope is within a complex carbohydrate, such as one 
that can bind to a lectin. An exemplary complex carbohydrate is a proteoglycan, including 
without limitation, chondroitin sulfate, dermatan sulfate, heparin, heparan sulfate, 
hyaluronatfe, or keratan sulfate. 

In certain embodiments, the targeting moiety comprises a homing peptide. Preferably, 
the homing peptide selectively directs the progenitor ceU to the target tissue. An exemplarj^ 
homing peptide comprises a sequence selected from PWERSL, FMLRDR. and SGLRQR. and 
can target to bone marrow tissues. Another exemplary homing peptide comprises a sequence 
of ASSLNIA. and can target to muscle tissues. Yet another homing peptide comprises a 
sequence of YSGKWGW. and can target to intestine tissues. Still anther homing peptide 
comprises a sequence selected from CGFELETC and CGPECVRQCPERC. and can target to 
lung tissues. 

In certain embodiments, the targeting moiety comprises an antibody. Exemplary 
antibodies include antibodies to type H collagen, chondroitin-^sulfate. and dennatan sulfate. . 
Optionally, the antibody may be selected from antibodies to collagens I. V. VI and DC. and 
condroitin-6-sulfate. The antibody may be a monoclonal antibody, a polyclonal antibody! or a 
humanized antibody. 

In certain embodiments, the targeting moiety is a fusion protein. An exemplary fusion 
protein comprises an Fc fragment Another exemplary fusion protein comprises a homing 
peptide. Yet another exemplary lusion protein comprises both an Fc fragment and a homing 
peptide. 

In certain embodiments, the targeting moiety comprises a receptor or & ligand. An 
exemplary receptor is a chemokine receptor. 

In certain embodiments, the targeting moiety comprises an aptamer. In certain 
embodiments, the targeting moiety is a peptidomimetic. 
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In certain ™bodtae„«. u« 
^u. Hep..c p,„.«.«„ ^---e 

.a se,«,«. oa«i,age. ske,e., ea„„^ ^ ^ ^ 

KndoD, ligament, adipose tissue, and sidn. 

In certain embodiments, compositions and metl,ods for delivering p,„gem,or cell. ,0 
^ comprise a HoacUve factor. Sue. Woactive fj^l 

^wth. d,fl*,e„UaUo„. anchor function o, d,e deliveted ptogenitor ceH. ^ " Z 

^zzr:: - • 

P^etn (BMP), a cartUage-denvcd mon.hoge„ic ptotein. . gtowth diffe,e„,ia«„„ fac,„ .„ 
W,c factor, a platelet-derived , „ ,„^„^ ^ 

^^alg.„..factor.aflbroMas.g.«tHf^.a.^g.^^«„:^,„J^ 

NT- . 4 or 5). a growth hormone, a. interieukin. a connecdve tissue gn,«h factor a 

pan..H,™.dKom,o„e.rela.edp.o.ein.achemo«ne.aWn.p.o.ei„,aKoggi„,^ 

moie. 77,.=""»'""™«- ««» having been complexed with a targering 

mo,e^^be delivered toast^jectbyavariety Of meU,oda.R,example.«,eproge^^^ 
may he dehvered to a subject by injection ^ ^.^^ ^ ^ ^ b" 

mjunes. Such medtoda comprise: a) providing a p^genitor cell linked to a targeUng moiety 
Wherein the t^ng moiety seh^ively di^cts the p^genitor cell to a diseaL 
U^ssue, ™d b) de^venng the p^^tor c„ with the tailoring moie; 

diseased or injured target tissue. 

In certain embodiments, the progenitor cell is setected fiom the group consisHng of a 
^^POtent stem ceU. p,„ripot«,t s.^ ce„ mmtipotent stem ce„. mdchymar 1^,, 

~s.emc.l,.he.ri«opo,e.icstemce,,.panc.^os.emcell.caMiacstJ^^^ 

««n cel.. ei^ic germ ^ ^. ^ ^„ J J 

.ungatemcel,hema.giob.aatce,..andendo.helia.proge„i.orcell. oprionally thepJ^^^ 
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cell is selected fan a de-differenttated chondrogenic cel., myogenic cell, ostecgenic cel. 
■endogemc ceU. ligamentogenic ce.l, adipogenic ce.l, and demiatogenic ceU 

m ce«ai„ embodiment, the .arge, Ussue of fte meU,ods is selected fan nemona. 
issue, connecdve «ssne, hepa«c .issue, pancrea«c Ussue. kidney tissue, bone m«™w dssue 
card-ac dssue, xetinal dssue, i„.es«na. dssue. lung dssue. and endofl»lium Sssue. Opdonal.y ' 
«.e U^t tissue is selected from ca«,.age. sketew Muscle, cardiac muscle, and smooft 
muscle, bone, tendon, ligamenu adipose Ussue. and skin. 

In certain embodiments, methods of ti» invention mlate to feating a disease or a 
ussue mjury. For example, the tissue ir^ maul, flom Iace.«i„n. bums, poison or 
exuemes of tempemtute. Exemp.«y diaeases a«. injuries may be select«l fan diabetes 
caMtovascu lar disease, amyotrophic hteral aetemsis. Partdnson's disease. H^ttington-s' 
dtsea^,. mulUple sclerosis, stroke, myocardia. in6n=tion. spinal coM injury, brain inju^, 
penpheral neuropathy, autoimm™,. diseases. based metabolic diseases, acute liver 

ft..u^.chr„niclivardisease.leukemia,.ickl«ellanemi..bonedefects. muscular dystrophy 
■ '>™is. osteoarthritis, and macular degeneration. 

Other aspects of tfris i;,vention pmvide comp«idons and methods for tissue 

.ngmeering m on. aspect. Uh, invemion provide, tissue engineedng compositions, which 
compnse: a) a progeniu>r ceU; b) . targeting mrte^ .ha. binds ,„ a targe, tissue; and c, a 
htocompaflble sca.ft,ld. wherein «» tissue «,gine«ing composition generates a scaffold g^ 
» be deUv«ed to a targe, tissue, to ano««r aspect, the invention provides medrods of 
dehvenng a «=a«„d graft in a targe, tissue. Such meduxb comprise: a) Bnking a progenitor 
cdl ,0 a targeting „„ie,y .^.t binds urge, tissue; b) seeding tire progenitor ceU f^m (a) 
on,^ a broc^np^ibl. seaflbid, thereby ft„ming a graft; and c) implanting .he scaffold 

g«ft fan (b) in direct contact witi,. or >^ u,. a target tissue for a sufficient time, 
whereu, ceUs of the tar^t tissue .ssoci«e wid, tire implanted scaffold graft, U,e«by to fonn 



S. certam embodiments ti» scaffcld comprises a bioresorbable material For 
ex^nple. tire biore«»bable matedal comprises at least one molecule selected ftom a hydmxy 
-.d. a glycolic acid, caprolae^me. hydroxybutyrate, dioxanone. an^' orUroester. an 
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orthocarbonate. or an aminocarbonate. collagen, cellulose, fibrin, hyaluronic acid, fibxonectin 
chitosan ' 



In other embodunews, the scaffold comprises a non^rforesotbable niatenal. Fo* 
exanvle, the non-bloresortable raateHal cot-prises « least one „K>Iecule selected ftom . 
poMkylene ten^hthalate, a p„.,a„,de, a polyalltene. poly(vinyl fl„orideX 
polytetrafluotoethylene carton fibets, natural or synthetic silk, ca*o„ fiber, and glass. 

In certain embodiments, compositions ««1 methods for tissue engineering ««her 
comprise a bioacd ve factor. For example, the bio«*i,e factor is selected fh», a t«Bfbnni„g 
growth factor, a bone morphogenetic protrin CBMP). a cartilage^ved mo^hogenic protein 
a gro«* differentiauon factor, an angiogenic lactor, a pla,ele,.^v«i gn,w,h hctor a 
vascular endomelial growth factor. epide™«l gtowth factor, a fibrobhs. growth factor' a 
hepatocyt. growth factor, an insufln-Uke growth fac.», a nerve g,„«h factor, a colot^y. 
somuMng factor (CSP). . „eurotrophi„ (..,., m-3. 4 or 5). a gtowth ho^one, an 
: mtedeukin. a connective tissue growth fetor, a pa«hyr<»d honBone-related protein a 
chemow™,. a W„t protein, a Noggin. »da GnMnlin. Suck bioactive ftctors can «,g„la.e Ute 
gnwth. di«renti«ion. and/or ftacSon ,„ ^^^^^^^ 

tte progenitor cell is select«lfh»ntt«g^^^ 
.onpotent stem cell. pWp«ent stem eeU. muMpotent stem cell, mesenchymal stem cell 
neuronal stem cell, hematopoieUc stem ceB, pancreatic stem ceU. cardiac stem cell, embryonic' 
««» cell, emhyonic germ cell, neural cr«t stem ceB. kidney stem cell, hepatic stem cell 
lung stem cell. hemangioblastceU. and endothelial progenitor ceU. OpUo™uiy. the progenitor 
cen » selected (iom a deK«fle,e„«.ted chondrogenic cell, myogenic cell, osteogemc cell 
•endogemeceU. lig™«Hogenic cell, adipogenic cell, and dennatogenic cell. 

In certain embodiments, the progenitor cell is pre-coated with a linker befo,^ linked to 
a U^ng moiety. An exemplary liriterincludes a protein G or a protein A. OpUonally. the 
taker modified with a UpophiBc moiety which includes without limitation, a palmitoyl 
m<«ety, myrisK,yl moiety, margaroyl moiety, stearoyi moiety, arachidoyl moiety, acetyl 
motety b«y.y, moiety. hex««,yl moiety, octanoyl moiety, decanoyl moiety, lauroyi moiety. 
l»lm.«,leoyl moi«y. behenoyl moiety, and lignoceroyl moiety. A prefened lipophilic moiety 
IS a palmitoyl moiety, a myristoyi moiety or a maigaix>yl moiety. 
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In other embodiments, the progenitor cell is directly linked to a targeting moiety 
OptionaUy, the targeting moiety is modified with a lipophilic moiety which includes without 
limitation, a palmitoyl moiety, a myristoyl moiety, a margaioyl moiety, a stearoyi moiety, an 
arachidoyl moiety, an acetyl moiety, a butytyl moiety, a hexanoyl moiety, an octanoyl moiety 
a decanoyl moiety, a lauroyl moiety, a palmitoleoyl moiety, a behenoyl moiety, and a 
hgnoceroyl moiety. A preferred lipophilic moiety is a palmitoyl moiety, a myristoyl moiety 
or a margaroyi moiety. 

In certain embodiments, the progenitor cell expresses a ceU surface marker or an 
extracellular matrix molecule, for example, CD4. CD8. CDIO. CD30. CD33 CD34 CD38 
CD45, CD133. CD146, fetal liver kinase-l (Flkl), C-Kit. Un, Macl, Sca-1. Stn>-1.' Thy-1.' 
Collagen types n or IV, Ol, 04, N-CAM. p75, or SSEA. 

In certain embodiments, the targeting moiety comprises a component of a specific 
binding pair. Preferably, the targeting moiety interacts with an epitope intrinsic to the target 
tissue. Optionally, the epitope may be a protein or carbohydrate epitope of the taiget .tissUe 
In one embodiment, the carbohydrate epitope is within a complex caiix>hydi^te. such as one 
that can bind to a lectin. An exemplary complex carbohydrate is a pioteoglycan.--including . 
without Umitation, chondroitin sulfate, dermatan sulfate, heparin, heparan sulfate. 
hyaluFonate, or keratan sulfate. 

In certain embodiments, the targeting moiety comprises a homing peptide. Preferably 
the homing peptide selectively directs the progenitor cell to the target tissue. An exemplar^ 
homing peptide comprises a sequence selected from PWERSL, FMLRDR. and SGLRQR, and 
can target to bone manow tissues. Another exemplary homing peptide comprises a sequence 
of ASSLNIA. and can target to muscle tissues. Yet another homing peptide comprises a 
sequence of YSGKWGW. and can target to intestine tissues. Still anther homing peptide 
comprises a sequence selected firom CGFELETC and CGEECVRQCPERC. and can target to 
lung tissues. 

In certain embodiments, the targeting moiety comprises an antibody. Exemplary 
antibodies include antibodies to type H collagen, chondroitin-4-sulfate, and dennatan sulfate. 
Optionally, tiie antibody may be selected from antibodies to collagens I. V. VI and DC. and 
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m certain cmb«a„^«. ,3,ge,i„g „,oie.y is a fusion p^„. a„ «™p,ary fusion 
P^de. Ve. anou.. exe™p,a^ f„sio„ ^r. co^pHse, ,K„h an ^^„, ^ . ^„,' 

In cemin e™bodim»«, d,e ,a:g.«„g nK,ieO, conlprises a «»ptor or . ligand. An 
MBnplary receptor is a cliemoldneiweplor. 

In certain embodi„,en,s. fte «^„g „„i,^ 

en.bod,ments.thetargetingmoietyis.pepUdonrimetic. 

assue TeltT '-<e«ed ftom n«„™u «ss„e, co™,ec«ve 

H«u= hepa-c -ssue. pancreaUc «ss„e. Icidney Sssue. bone dssue. can«.c «ssu.. 

pal.ss.».,„^„„a..ss,«.,™g«ssue.«,de„do«.«umtiasue. OpSonally. fte «™« 

T ^"""^ ""'^ »»<' ^ 

tendon, ligament, adipose tissue, and Skin. 

vartetv -"ff"'" ^ can be deliver, .o *e «,ge, Ussue by'a 

metoods niay ftmher comprise removing fte scaffold graft f™n fte subject 

■ ^ •">'xxH"»n8 and pracdccs of *e p,esen, in«ndon. oU», «„bodin,en,s, and their 
fcaiures and ci^stics. ^ be appa™. f^. *e desCp^on. figures and c,ain« .ba. 
fouow. w* a., ofthe cwn. b«*y being i„conK.««d by «.is reference into «,is Sun^aty. 

Brief Desffiiption of thA prawiwy p 

me file of this patent contains at least one drawing executed in color. Copies of this 
patent with color drawinfifs) will he nr^vin-w k « 

«v,.,.c. ^ Trademark Office upon 

request and payment of the necessary fee. 

H-^h' concentration of paimitated pn,tein G (PPG) (or lipidated 

antibody binding pi^tein. LAB-P) on the x-axis. and the lelative fluorescence intensity i„ 
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2- 3. cells coated wi* <««^„. co„e.«a™s of LAB-P ^co,U^f„^ 
concentrations tested coating 

Figure 4. Pre.ho«lrocy»s co«ed 60 ^g,nu of PPO we,, cuta^d in cho«ta,«ric 

.he coa.,„g p„«edu„ has no. taterf.^ ^-^^ of ««se cells to di,fe™,UaJin«> 

chondrocytes, tie san^Ie was counBr-sWned wia, Fas. G«en. 

Targ.dngo,Vyb™..«.s..lnedcoUstofiozens.cUonso,ca„„age. ^,b»,.™ 
Ts,^ - *o™ on U« surface <tf *e .^^.^ ^ J 

irvZcrcirrrr-'"— ------ 

Hg„.6. B»P'a«.of,a«,i,a«lc,.,arca«ilagei„c„ba.ed„l«,Vyb,.„,™.,.i„edce.,s. Upper 

-*od,. l^wer lef. Is coUagen H (a™.w poL 
.o .nsen sho^n, . V^.™.posmve cells). Lower Hgh. is bod. 
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number, of poattve cells in tfie PPG only control, 

F.g»^ 7 Confocal imaging of ,a,g«ed cartilage cxplants. Pl„o,escenUy.la,«,od cells 

0^^™,0.MV«„iU,3nawitKon.p^oa«„g^U,a„«^.3Li.^:2 
«^ callage explants. wasKed in We, fl.ed and then obse^d and analyzed by c™,foc^ 

::rcT ^^^ebottoiftj™ 

^^onla. surface and the images we. process., ^ " 

Octroi ce«s coated with PPO only (A) showed nearly no affinity for undatnaged car^la" 

PPG only Ceus coated w.th .wo antibodies (Q such .„ti^ n collagen .„d anti 
cMdro.t.„-..„„ate (2B6) showed a .nuch greate, intensity o, fluotescence «fan P^ Z 

r^^r rx" "'^ '° - - 

^Zts'' ^isna. in »bbit cartilage 

-P.».s. Pluo^scent nncroscopic in^ges „e« collected d™„gho„t ^e depth of the 

, T «.e defect 

-M«^The fh^t stgnal within the defect was always greater «,a„ that detected on the 

ZLnTtr^ '"""'^^ 'o both 

^o^tm^ate (36) and colbgen n Cmc) or ■ triple-coated with 2B6. -nic and 
antibody to kieratan sulfate (5D4) showivi « «.« -4^ . . *iiv- ana 

pn«H. 1 * significant increase in intensity compared to 

controls at p < 0.05 (ANOVA). «"l""ca ro 
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1. Definitions 



F<n- co„«„i«;e, ccain .„ ^^^^^ ^ 

da-^s oone«ed ^. u„,ess deflned c«,e™ise, a.. «ch„ica. a«> soie„«flo ton» „^ 

wiucn this invention belongs, 

^«'-'-"^"-0>"areuscdhe:ei„,o,.fer.oo.,cor.omcre*a,one(i...toa. 
.eas. one, „,«,e g™,.a«cal object of fte artCe. By way of e.«,pte. "an ele^em" „eans 
one element or more than one element. 

The Knn "anybody" refe. u> an im™nog,obuh„, derivatives fte«,f wWch n^„.ain 

=pec,fcb,ndi„8abi,ity.andpno«i„.havi„gaWndingdonuUn Which iahomologoua or .a™^^ 
hon,ologou3 ,o an immunoglobulin binding domain. „^ ^ 

orpolyclonal. The anUbcdy may be. member of any immu„og.ob„H„cla«. including any of. 
U,e human classes: IgG. IgM. IgA. WJ, a«l IgE. 1. e^mplary embodiments, antibodies used 
with the methods and compositions described herein are derivatives of the IgG class 

« rr 'T ""^ '^^'^ "•"-"'y - less 

than fuu.ta,»h. fc exemplary embodiments, the antibody ftagmen, „ , 

«gmfican.po.tion of the Ml-re„g.h .„,ieod/s specific binding abiHty. Examples of antibody 
fragments .nclude. bu, a« no, limited to. Fab. Fab'. F(.b^ scPv, Fv. dsPv diabody. and W 
•"■iOody Segment may be p^duced by any means. For instance, the 
antibody fiagment may be enzymaticaUy cr chemically ptcduced by fragmentation of an 
mtac. antibody, i, may be «combin««,y p^iuced from a gene encoding the partial antibody 
aequence. or it may be wholly or pattially sy„«,etically ptoduced. We antibody fragment 
n»y optionally be a singte chain antibody fragment. A.ten,a.ivcly. the fragment may 
comprise multiple chains which at. litJced toother, for instance, by disulfide Unkages 
fl^t may comprise chains synthesized from engineer DNA sequences U,a. have been 
"»d.fled by. for instance, substituting one amino acid for anotiier to eliminate dlsutfide 
'."fc^sites. •n.= *.g«»«.mayalsooptionallybeamultimolecu,arcomp.«.. Afunctional 
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antibody fragment wU, .ypical.y comprise at least about 50 amino acids and n„>,e „»,icaBv 
will compiise at least about 200 amino acids. 

The term "chomlpogenic cells" includes chondrocytes and cells that diife«ntiate into 
cho„dn«y,es. The ^ may also refer to cells that am genedcally alu=.«, or othenvise 
m«up«l..ed so as to become cells that produce subaantia. components „f o« 

The tenn "complex carbohydrates" herein include p.««,glycans such as chondroitin 
sulfas,, dennatan sulfate, heparin, heparan sulfate, hyalm»m«e. and kcr^n sulftte He 
complex carbohydrates also include Utose po.ys«»h«ides which can be bound by lectin. 

The tenn "diabodies" refer, to dimedc scPvs. The components of diabodies typically 
1-^hort^ peptide liniters than most scFvs and they show a ,„ aasociadng J 

'^"^^ -^ra-ei^ope-reien, to a physical strucaire on a 
.nteracts witf, a selective component In exemplary embodiments, epitope n*,s to a desited 
region on a target molecule that speciflcally interacts with a selectiWly component 

The torn "Fab" u. m antibody fragiient dutt is essenUally equivalent .o that 
<*.a.ned by d,gesHon of immum^obulin (typically IgO) with a. enzyme papain. The heavy 
Cham segment of the Fab fr^, is ^ p, ^ ^„ ^ ^ 

chemrcaHy produced by ftagmen««ion of an intact amibody. n=combi„an.ly produced fn,m a 
^ ^coding the partial andbody sequence, or it may b. wholly or partially syntheUcally 

■ The term "Fab" prfeni to an andbody fragment that is essenUally equivalent to that 
TTZ'T^ "^"^^ " ^"'"""^ 

^ n^b-h fragment. Such fragments may be «,zymadcally or chemically produced by 
fragn^itaUon of intact antibody, rec^nbinantly produced from a gene encoding U,e partial 
antibody sequence, or it may be wholly or partially syndietically pn,duced 

The term "F(abV refers to », antibody fragment drat is essentially equivalent to a 
fragn^ oMned by digestion of an immunoglobulin (typically IgO) with the enzyme pepsin 
PH 4.0^.5. Such fragment, may be enzymatically or chemically produced by 
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fra^entation of an intact antibody, ^ombinantly produced fro™ a gene encoding the partial 
antibody sequence, or it may be wholly or partially synthetically produced. 

The term «Fv" refers to an antibody fragment that consists of one V„ and one V, 

<.oma.n held together by noncovalent interactions. The tenn "dsFv" is used herein to lefer to 
an Fv with an engineered intermolecular disulfide bond to stabilize the Vh-V, pair 

'^-•n. the term "homing peptide" refers to a particular peptide that binds 

« spectfically to an epitope of a target tissue or organ, following administnition to a 

subject. In general, a homing pepUde that selectively homes to a tar^t tissue is characterized 

^part. by detecting at leasta2.foldgreater specific b^^^^^^ 

as compared to a control tissue. 

Th. ten. -Wnogen" Badidon.,,, ^ ^ fta, « Wed lo elici. an 

~ ,^p^„.e i„ a„ an,™i. »d is UB«. a. such h«ci„. However, r^y ^chmques used 

ZT7.\ T '^"•^ "^^y 

ftese .neftods use compounds co„,ai„ing «, >i«,pe - as deftaed above, ,o selec, for and 
Conany expand a p„p«,a«o„ „, ^ ^ 

~.hods mimic fte seiecaon «Ki dona, expansion of i™,un. cell. v,V<,. and 
therefore. ,he compo^ds oomairtng U,e "epiu.,^- fta. is used «, clonally expand a desi,^' 
•Z::!?'"" - - - — — ..in .be de^uon o, 

As b«^n. ^ ^ ^.^^^ ^ 

se-d. For example, *e lipophiHo moi«y includes a palmitoyl moiety, a myris^yl 
-«y. a m^aroyl mo.«y. a s«amyl n^y. an arachidoyl moiety, an acetyl moiety. . 
^y. motety. . bex«.oy, moiety, an ocanoyl moiety, a decanoyi moiety, a ,an„y. ^Jy, . 
patentoleoyl moiety, a behenoyl tnoiety, atd a lignoceroyl moiety 

The term "p^genitor cell" as used hen«n. includes any todpotent stem cell 

cells. The terms -stem cell" and "progenitor cell" are used intetchangeably he«in. "nie 
P~8en.tor cell c«, dedve ftom either embryonic «ssues or aduit tissues. Exemplary ' 
pn.gen.tor cells can be selected ftom. but not restricted to. toUpoten, stem cell. pluripLn^ 
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cen, pa„crsa„o «e™ ceH. c».i.c ce,, ™h,„„ie eel, eo*^™.. „„ 

and«,dofte.^ p„>ge„Uo, ce... AddWona. exemp.a.y pro^cU. ^ ae,e««, b« 
^ ««nc^ ,„. de^fferenaated chond^genic ceU. myogenic «... o..cog™ic oeU 
to,doge„.c «... ligai^togenic ce.l. adipogenic c=U, and dem,«„g«ic 
The .enns "si„g,e.hai„ Fvs" and "scFva- «, 
ns.s „g on,, d.e vaHatlc BgK. Cain (VO a«. ,..ab.. hea., chain (Vh, c^lu^ 

domam. n,a p„,ypep„da ,.„ker n,a, b. of variable .cngft ^ con^oaiUon so long aa U» .„o 
viable domains a. bridged aeriou, ^.^ric ,„«^ce. m exemplary e„*odin»„„. 

*e ..nke. ^ comprised primarily of a»«ehea of glyctae ^ serine ^dues ^ 
giiitaniic ac.d or .ysine residues interspeised for so.ohility. 

AS used herein, fte ,en„ -.argeHng „,oie.y" refe., to . n,oie,y capable of inte^cdng 

"feT^r ""^ o^r^.;,y are generally 

P«f«^. In oena™ embodin«n«. suitable Urgering „„ietfes include, for example, any 
"»n>ber Of . specific bbding pair, antibodies. mon«lo„al antibodies, or derivatives or 
*-0f. i-.^g wi«K,„. ,i„,.a«on: Pv f..^ single chain Fv (scFv) ,^g„.n«. 
2 sh.g.e domain antibodies. ca„«li^ anUbodL and 

»tibo^ fra^U. hu^ntized antibodies ^ antibody ft.g™e„,s. and mnltivalen. versions 
ofti. fo.go.ng; n,umva,e„. ""^o-" '--"o- -onospeciflc or 

bispecfic antib«hes. snch as disulfide subili^ed Fv ftagn^nB. scFv ,anden,s ((scFv), 
f^gn^ms). diabodies. «bodies or .etiabodies. which .ypieaily a. covalentiy liniced or 
s^^lized leucine zipper or helix stia,i.,.ed, scFv fragment; and o.her 
«q^ng „K»enes inclu^ for ex«„p,e. homing peptides, ftsion proteins, tecep^,.. Uganda, 
aptamera,andpeptidoinimetics. • s «*, 



2. Overview 



In certain en,bodin»n.s, «^ approach described he«in is based on a ceU coating 
.eobnrque tha, generates deUvery compositions comprising a cell and a targeting moiety. 
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wte., tt^eting ^ietj, is designed .o bind » a <arge. locafl™, such « a flssuc 
™urar ma«x, ce„ type. «o. I„ certain embodin^n... U,e cell is a chondn^c ceU ind 
*e «,ge«„g m<«e.y binds cartilage ma«x. The cell coating technique enhances adhe^ce of 
chondrogenic ceUs. snch as os,eochondral progeni«>r cells, u. cartilage m^rix inju.^ «te by 
o«hng tt,e cells ,^tt, n«Wx sp^iBc antibodies. We show to, .his enhanced «ih.™^ J 

^!hirtTK*°r'" °' ""^ " '"J"' "0. 

>«*ng to he bound to theory, it isexpected *«. *einceas«. ptesenceo, cells at the injut, 
s.<e shifu the balance of the tepair pracess into a net anabolic one 

'"««»i-"'bodiments,thec»coating,eeh„i,»emp,oysalinkeru>co„„ect,hecen 
o the targenng moiety. For example, protein A and p^tein G ate useful Unta, „he,= the 
W n,o.ety comprises an antibody. 1, certain «„bodime„.s. the Bnlcer is connected to 
eel by a hpophilic moiety, as in a» case „, palmitated protein A or ptotein O. T„e 
hpophthc motety of the pah>U.«e hyd™c«bon chains it possible to co« fte cel. 

membtane with this linker by insertion i„,„ ^ ^ ^ „f ^ phospholipid bilayer. 

i . 

3» Progenitor Cells 

m c««un aaP^cts. the ptesen, invention ptovides composiUons and methods 
comprtBu^aptogenitorcell. As described hetein. any progenitor cell *atis suitable for the 
h«ue. m«rix. et. may be employed, includtog any toUpoten. stem ceU. pluripoten. 
«en, cen. and nmlttp^en. stem cel.. as »eU as any of their lineage descendant celi. The 
^gemtor cell .nay derive flom either embryonic tis«tes or .dul, «ssues. In certain 
emb^ments. the ptogenitor cell is selected ftom totipotent stem cell, pl„rip„,e„. stem cell 
m«...po«nt stem cdl. mesenchymal stem ceU. neuronal stem cell, hematopoietic stem cei," 
^ cell, cardiac stem cell, embryonic stem cell, embryonic germ cell, neund ctest" 
^ cell lcdney stem cdl. hepa«c stem cel.. iung stem ce„. hemangioblast cell, and 
endothehal progenitor cell, m other emb«,imen.s. the ptogenitor cell is selected from de- 
^flercnaated chondtogenic ce„. myogenic cel.. osteogemc cell, tendogenic cell 
hgamentogenic ceH. adipogenic cell, and dennatogenic cell. 

progenitor cells and methods for obtaining such cells are well known in the 
». and descnbed m the following u. S. patents (prefaced by "UST and inh=n,adon.. patent ' 
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WUoaa<„« (preftced by "WO"): US 5.130,141; US 5,453.357; US 5.486 359- US 5 589 37« 
US 5.723.33,; US 5,736,396; US 5,843,780; US 5,877.299; US 5.827 735^' 5 ^ 9^-^^ 
5.980.887; US 6.200.805; US 6.214.369; US 6.429.012; WO 0a,537;5- W^W^^ wo 
00/78929; WO 01/1,01 1; WO 01/42425; WO 02/86082. ' ° 

In oenain p^fened embodimenls. rte progeniu,, cell i. . cho„d„,gertc cdl 
^p.ao- c o„d.ge„.c ceUi include ohon^oc,^ « ^„,„ .^^.^^^ t 

y^y^ ^ highly 
g.ycos™,^„y.», cHond^ge* .elU alao include cclU ^ can di«^Uaf,I ^We^ 

ohond^cy^ inCude .esenchyn... cdis, s.™ cells delved L ^ 

' Tx-^rr"*" *'>™8eni«,rce«e.p.esses aceU s„*ce™H«r<..„ 

^^""~'^o^'^ ''"«»-P>'-*eend«he,ia.p„^«.ceUexp«.«acen 

(alo«.ffl„.ynerv.gr„«b,„^^^)f„^„^^^^^^ P 

™^erorex..».U«..rn»«.„„,^ca.be».,ec»d*^bu.««,ta^^ 
CD1^CD30. C033. CD34. CD38. CD45. CD133. CD.46. f^r «„a.e.l ^j' 

subi^. >.^!' I™*-*" tamunologicauy maKhed «,e 

™n ^ve 3 wa. HLA .yping). and „p«onaUy. *e cel. ^ 

autologous, nieaning that ftey a,, deri«d ftom the subject. 

S.certaine™bodin«„B.p„,ge„«c,^U3^j,^,^^^^^^^^ 

oyogenftcezin^. allowing banking ofceUs for lata- use. 
4- Target Tissues 

1. corta*. aspects, present invention pmvides compositions and n»thods 

capable of self-tenewng and ,egene,«es the target Ussue. a certain etnbodiments. the 
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u su.^ hep«,o ««„e. panc^aHc «s3„e. Wdney .issue, bone ma™„ «ssue. carti« «ss„. 
«n,^ ussue. ,„.«a„a, .issue, lung Ussue. and endcheiiun, «ssue. 1, o*.r..bodi™„... «„' 
Ussua be selected fro^ callage, skeletal muscle. ca„«ac ™scte. s„,o«h o.uscte 
bone. ^d„„, .ig.n,e„, adipose .issue, and skin. ftefen.bly. a. ta.g« «ssue ™y be entt„,; 
or partially damaged by a disease or an injury. 

5. Targeting Moieties 

In certain aspecU, .he ptesen. inve„do„ composMons and methods 

oon,p„s,ng a targeting moiety The tatgeting moiety may be any molecute, or co,„ptex of 
..ules. Which is capable of intetacting ^th a desited targe., ,„C«U„g, e^Iple. . 
«-ue. a ceU type, an ex^cellular m«Hx. . catbohydra^s. a p^tein. eU:. Exemplaty 
^.ng rncef^ may include, for e^,, anUbodi^. 

peptides, non-antibody recepto., «ga„ds. aptamc.. peptidomimetic.. «c. A ta.^«„g moiety 
may mclude additional components that assist in forming an attachment between «.e Uu^eUn 
mo.e«^d a coated cel.. Targeting moieties having limited ctcss-reacHvity a« generally 

m certain embodiments, the ta.g«ing moiety used to deliver a p^genitor cell to a 
^et^ssuemtemctwith an epitopein.rinsicto.he target dssue. Such epitopes can be eid.r 

ep.^ or cartK-hydnte epitopes of the tatge. «ssues. ^ example, when ,he .arge. 
~ catfUge, the epitope for a targeUng moiety can be any available antigen selel 
^ pamaty extmeellular matHx molecules contained in cartilage. A primary epi.ope for 
pn^Cng chondn«,« cell aOachmen, is .ype D coliagen, which is «,e mos. abundan. 
flbrtlar coltagen in cartilage. Tl,e ne.. most pt^inen, molecules, based on diy weigh, are 

la"^ Tl""" -""^^^ ■'^ weigh. ALhough abundan., 

rr T . """^ byod^rmolecules. especially p.«eoglycan molecules «,a 

-o«« Observed u, be in dime, contac. wi* the collagen „be.. As a percentage of volume 
p™^yc»» aie much mom abu^ta.. *an collagen .ype n and in addiUon. i. is known 
ftmn ^ biochemical analysis o, proteoglycans «,a. .here am hundreds o, 

chondroibn su.««e and Vemtan aulf«e side chains on each aggtecan molecute. and since each 
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glycosa^inoglycan side chain can have muUipie antigenic epitopes. p„,^g,yeans a. .ey 
tai:gets for these celJ-binding strategies. ^ 

(a) Antibodies 

In cc«ain e:.t«limenB, a «rg.tt„g ™>ie,y „, i„^„„^ 
a «e„ay can «n. eo an a„«gen or a ..ge. .„a ^a. ... delivcy ^ . 
tely ,0 bmd ,o ca«„age maWx ba«d on a p„>vious a«„iy fio„ 

antibodies to col agens L V VTnrTV - mcjuae 

Jn some ™bodta»«,. «,geM„g ^„i«i., ^ _ 

c„v uves or ».„g. ^ / 

and anybody ftag^n.,. ^ ^ 

™.nos,«e.fic or bispecflc anHbodies. such as disumde Pv tg^lT 

~y Hn,ced .or o«^„ 3ua.„^ ,^„^ ^^ y^ 

ftagn»«« .ecopu. „K*cutes Which naturally ineerac, wid, a de^«d .^^^^ 

—.on Of anun* „,ce. „,d. a destad .n^^ogen (. ,. a deslr«. «^ 

rTlTT' T- *° -"'^ '^""'^ 

T *° "^"^ — gen(s), n,on„c,o„a, andbody^^, 

exa^plo. Kuby. tos. «^ ^dWon. pp. 131-139. W.H F™nu.n & Co (.^ 
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for a g«e^ „v.™«v <rf „™„c,o„„ ^^^^ ^ ^ 

r„ i~ ~- "'"'"^ ''""^ 

^.^unas .ch a. b.„o ^<«« ^ p^o.,^ » oHgo^^ on *. o^^^ 

amino acids in Jength. w / > 

.n one embodimen, phage dbpU, «eh,„l,gy ^ 

s e„c,w ,„ an anUna. (anch ~. ^ „ ^ ^ ^ ^J^^ 

expand «,e ta^^^^peciflc B^„ popuU«o„. 

n>RNA .ve.e-,™scrtb«. by known ^ , ^.^.^ ^/^J^ 

— S^ob.<„„^,,.^^^^^^^^^^^^^^ 

and Vl Chains, to yield cDNA TIm» HMin»i w jir . 

^ ^^"^^"^"**Vt. chains are amplified by polymerase 

chain reaction (POR) typicallv usina V v vc. J' polymerase 

V ; lypicaJly using V„ and specific primer sets, and are ligated together 

Ltrr °' !^ ^-""^'-^^ 

«^ace exp^on .„ ^ ^ sucK aa .an-bT Z 

tyiHcally ,a a fitoentoua phage, such aa fd ami M13, typically M13 

In phage display ,he VH-linker-V. sequence is cloned into a phage s^-face 

P-cn C.r M,3. 0. ^ p„,,„, „ _ ^ 
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^ .nc,„* phage^id .y„en.s. whici, a. based on a phage^id p^, ^ 
^.a,„,„g pHagc surface p™.eta ge„es (fo. exa.p,e, g3p and ggp of M13) .„d ^ pHag. 

w.d, he^^r phage p^viding fte :emai™„g po«i„s needed tor fte ger„™i,„ o,,*age. Only 
ft. Pha^d ve«cr is packaged in me ^uUing phage p^des bec«.se ^Hcadon o, J 
Ph^ennd ,s grossly ,avo«. over ^lioaUon of fte helper phage DNA. Phageoud packaging 
sys.n,s for p^odncaon o, antibodies sr. connnercialiy available. One example ^ I 
™.a„y avaiiabie phagenUd packaging system a,a. aiso per^iu p.d„c«o„ of 
ScFv fragments in bacteria cells is the Recotnbinan. Phage Anybody Sysletn (RPAS) 
co„„ available fron, Amctsham Phannacia Biotech. Inc. of Pisca..„ay. New jji 
and the pSKAN Phage„.d Display Systen. con^etcially available fton, MoB^ 
Matco island. Flodda. Phage display ay,.e„„. construction and scee^ng methods ate 
tecnbed m detail in. among others. United St«es Patent Nos. 5.702.892. 5 750 373 

5.S2l.047and..,2,.l32.eachof„hicHtue.i„co^Hereinby.t^ceinti;e^X 
A targeting nnrfety need no. originate a biological soutce. A Uugeting moiety 

may for example, be scteened ftom a combinatorial Ubrary of syntheHc pep«des. One such 

-hod -s described in U.S. Patent No. 5.«8.<i35. inoo,porat«i hetein by reference, which 

T^T.TT' " '"^ '^'^ 

Pin^gcne of M13. Tltese phage may be. clonaUy ampUfi«. by affinity selecUon as described 

The immunog«« used to ptepate targeting moieties having a desired speciflcity will 
^.y be the target .,«.lecu.e.or.ftagm«,. or derivative theteof. Such immunogens may 
betsohu^ from a source where they ate natutally occuning or may be synthesized using 
-«hods icnown m the art For example, peptide chains may be syn,h«ized by l^thyli 
[dtmethyhminoptopyl, ca.*odiimide (EDQ^atalyzcd condensation of amine and carboxyl 
ff^P^. It attain embodiments, the immnnogen may be linlced to a carrier bead or p^tein 
For example, die canierntay be a functionalized bead such as SASRIN™ resin commercially 
avatlable ftom Bachem. King of Prussia. I^nnsylvania or a ptotein such as keyhole limpj^ 
hemocyantn (KIIO or bovine s^m albumin ffSA). T1,e immunogen may be attach!, 
dtmctly to the catrier or may be associated with the carrier via a linker, such as a non- 
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i-™>um>genie synO^c linker (for example, a polyeftylene glycol (PEC, v, 

enhanced stablU,. „f . m ■ ^'™Hvely, 

the rubefy n,.y Z "hunnn.tr T '"^ ■»■">"• 

y n.ay be h«™,n,zed ; ^ ^ co™pU™en,ari.y <fete™i„ins region(s) of B« 
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h,b„<U,™-d«ived a„«bcdy h« ^ .^sp,a„.ed i„,o a hu^a. n,o„oc,o„a. anybody 
« a, described i„ p. e. al. (,986). N.,ur.. 321. 522-525 orTen,pe.. e. al (1»9,T 
««»«*:<,*„^ 9. 266-273. Also. ^.ge„ic ™loc. or o,her„a™„a<.. ™y be used .o Ip^' 
hun^zed anf bodies. Such humamzatf on may be panial or complete. 

(b) Homing Peptides 

'"'^^^f-^^-^i-nts. a targeting moiety of the 
hon„„g pep.de which selectively di^t a progenitor cell to a ta^et tissue. For exLple 
d^v^ng a progenitor cell to the lung can he mediated by a homing peptide comprising aJ 
am,no acd sequence of CGFEI^tC or CGFECVRQCPERC. Funher exemplary holg 
peptide sequences and their target tissues are Jisted in Table 1. 



Table! Exemplary homing peptide sequences and their 



Targeted Tissues 



target tissues. 



Bone Marrow 




Homing Peptide Sequences 



PWERSL 
FMLRDR 
SGLRQR 



YSGjfCWGW 



we« ^ T ' - be identified using various .neftods 

sT ifitir ^ » -*od. 

Sp«.f,ca,,y. randon, pepdde seances a« e,^ fcsioo peptides wi«, *e surface 
P-te ns Of phage, and «s Hb,»y of ™don. peptides a„ i„,o .he sys»u.ic 

ZTrJ^ in««.on i«o hos. uuge. tissues . o^ are ,^es.«i. ti,e phage is 

men .o,.«d and exp»ded. and ^ injection p^„,e ^^o^ J, 

Of mjection mciudes. by def^u... a negative selection component, as ti.e i.«ected virus has the 
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opportunity to either randomly bind to tissues, or to specifically bind to non-target tissues 
Virus sequences that specifically bind to non-target tissues will be quickly eliminated by the 
selection prx,cess. while the number of non-specific binding phage diminishes with each round 
of selection. Many laboratories have identified the homing peptides that are selective for 
vasculature of brain, kidney, lung. skin, pancieas. intestine, uterus, adrenal gland, retina 
muscle, prostate, or tumors. See. for example, Samoylova et al., 1999, Muscle Nerve 
22:460; Pasqualini et al.. 1996. Nature, 380:364; Koivunen et al.. 1995. Biotechnolos:^ 
13:265; Pasqualini et al.. 1995. 7. CellBioL, 130:1189; Pasqualini et al., 1996. Mole. Psych ' 
1:421. 423; Rajotte et al., 1998. J. Clin. Invest, 102:430; Rajotte et al.. 1999. /. BioL Chem 
274:11593. See. also. U.S. Patent Nos. 5,622.699; 6.068.829; 6.174.687; 6.I8O.O84' 
6.232,287; 6,296,832; 6303,573; 6,306,365. 

Phage display technology provides a means for expressing a diverse population of 
mndom or selectively randomized peptides. Various methods of phage display and methods 
for. producing diverse populations of .peptides are well known in the art. For example 
methods for preparing diverse populations of binding domains on the surface of a phage have 
been described in U.S. Patent No. 5.223.409. m particular, phage vectois useful for 
producing a phage display library as well as methods for selecting potential binding domains 
and producing randomly or selectively mutated binding domains are also provided in US 
Patent No. 5.223,409. Similarly, methods of producing phage peptide display libraries 
including vectors and methods of diversifying the population of peptides that are expressed' 
are also described in Smith et al., 1993, Metfu Enzymol. 217:228-257. Scott et al.. Science 
249:386-390, and two PCT pubUcations WO 91/07141 and WO 91/07149. Phage display 
technology can be particularly powerful when used, for example, with a codon based 
mutagenesis method, which can be used to produce random peptides or randomly or desirably 
btased peptides (see. e.g.^ U.S. Patent No. 5.264.563). Tliese or other well-known methods 
can be used to produce a phage display library, which can be subjected to the £« vivo phage 
display method in order to identify a peptide that homes to one or a few selected tissues. 

In vitro screening of phage libraries has previously been used to identify peptides that 
bmd to antibodies or to cell surface receptors (see. Smith et al.. 1993. MetH. Enzymol 
217:228-257). For example. /„ vUro screening of phage peptide display libraries has been 
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used ul^fy .ove, ^ ^^.„^^„^ ^ .^^^^ 

2^ « a... 1994. CeU Biol. .24:373-330,, and . u,e ^ 
Godson « ,994. ,,^,,,^,,33^ ^ ^ 

^« P~v.de „„ inaigh. a. to „,.«.er a ^p«dc *a. can specificaHy ^ ^ , 
mceptorareuniquetoaspecificorganmthebody. 
(c) Fusion Proteins 

such r = •^""^ ■""'''^ ■-vendon may be a ««i»„ p„^n. 

^d^nu«ca.o„, o. de.ec.on and/or «Wch inc.ea.es ao«U.y. a en.bodi.»n. 
*e «.s.on p™e,n co™p,.s a.. Fc of andbodiea. ^ ^ ^ , 

Pm.e.„ A P.„,eta o. L, a«„her p^ened e.,b««..«n, tte fUaion p.«ei„ co^prf,., a 
hc.™.ng pepude wMcH se,ecdve.y dta«s a ^geni,„r ceH JZ^^ 
us,on protcn comprise, a h„™ng pepdde fuaed d» ami.„ fcm^ua of U» Ife „gi,„ „f ^ 
human IgO sequence and .o ,he oartoxy. tenmnus of U,e o„coateHn-M signal peptide 

(GST,. ca,modn„n-bindi„g pepdde. d,io«,oxi„, Mnaing p.o««. HA. myc. poly 

arg.n,ne. poly Hs. po,y Ha^ FLM3 «gs. Addidona, exen.p,a.y .ags i cL 

ystem^get-ng pepades. «„acyto,.s d«naina, nuclear locali^ado. signals. e.c. In vanous 

mu„,p,ecop«so,d» same .ag„»o or nx^difle^ntu^s. Bis also ,rfU.ina»scopeo,tt,! 
.nvenuon „ include a spacer (such as a polypepdde se,.«nce or a chemical moiety) between 

.Crn"T°^ ■■" °P<i-^» 

■U s.rucn.„a constants, h another embodiment, the tagged moiety may be construed so as 

7"^;""'"^ n-'i^.y in °«^r to .emove the tag. 

^™p^n,.«,.endoproteasesfor™ofa,ag, include. forex.mple,P».^^ 



901863I_4 



-24- 



AttomeyDocketRef:CWRU-P61.013 ^»«*'S3^.lLSJt ...e3:i&'%-C: 



(d) Other Targeting Moieties 

In certain embodiments, the taigeting moiety may comprise a receptor molecule 
mcluding. for example. m:eptors which natui^y recognize a specific desired molecule of a 
target tissue. Such receptor molecules include ,^eptors that have been modified to increase 
their specificity of intemction with a target molecule, receptors that have been modified to 
mteract with a desired target molecule not naturally recognized by the receptor, and fragments 
ofsuchreceptors(see.e.g..Slceixa.2000.y.Mafec«/ar/?ecog„W^^^ 13:167-187) A preferred 
receptor is a chemokine receptor. Exemplar, chemokine receptors have been described in, for 
example. Lapidot et al. 2002. Exp Hematol, 30:973-81 and Onuffer et al. 2002. Trends 
Pharmacol Sci, 23:459-67. 

In other embodiments, the targeting moiety may comprise a Hgand molecule 
mcludmg. for example, ligands which naturally recognize a specific desii^l n«:cptor of a 
target tissue. Such ligand molecules include ligands that have been modified to increase their 
specificity of interaction with a- target receptor, ligands that have been modified to interact 
with a desired receptor not naturally^recognized by the ligand. and fiagments of such Ugands 

In still other embodiments. the targeting moiety may comprise an aptamer. Aptamers 
are oUgonucleotides that am selected to bind specificaUy to a desired molecular stnicture of 
the target tissue. Aptamers typically are the pn^iucts of an affinity selection p„>cess similar 
to the affinity selection of phage display (also known as in vitro molecular evolution) The 
pix,cess involves perfonning several tandem itemtions of affinity sepai^tion. e.g. . using a solid 
support to which the desired immunogen is bound, followed by polymerase chain reaction 
(PGR) to amplify nucleic acids that bound to the immunogens. Each round of affinity 
separation thus enriches the nucleic acid population for molecules that successfully bind the 
desired immunogen. In this manner, a random pool of nucleic acids may be "educated" to 
yield aptamers that specificaUy bind target molecules. Aptamen. typically ^ RNA. but may 
be DNA or analogs or derivatives thereof, such as. without limitation, peptide nucleic adds 
(PNAs) and phosphorothioate nucl^c acids. 

In yet other embodiments, the taigeting moiety may be a peptidomimetic. By 
employing, for example, scanning mutagenesis to map the amino acid residues of a protein 
which is involved in binding other proteins, peptidomimetic compounds can be generated 
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which mimic those lesidues which facilitate the interaction. Such mimetics may then be used 
as a targeting moiety to deliver a progenitor cell to a target tissue. For instance, non- 
hydiolyzable peptide analogs of such residues can be generated using benzodiazepine (eg 
see Freidinger et al. in Peptides: Chemistry and Biology, G.R. Maishall ed.. ESCOM 
Publishen^ I^iden, Netherlands. 1988). azepine (e.g., see Huffman et al. in Peptides- 
Chemistry and Biology, G.R. Marshall ed.. ESCOM Publisher: Leiden. Netherlands. 1988) 
substituted gamma lactam rings (Garvey et al. in Peptides: Chemistry and Biology GR 
Ma^hall ed.. ESCOM PubUsher: I^iden. Netherlands, 1988). keto-methylene pseudopeptides 
(Ewenson et al.. 1986. J Med Chem 29:295; and Ewenson et al. in Peptides: Structure and 
Functior^ (Proceedings of the 9th American Peptide Symposium) Piexce Chemical Co 
Rockland, IL. 1985). b-tum dipeptide cores (Nagai et al., 1985. Tetrahedror. Lett 26:647- and 
Sato et al.. 1986. J Chem Soc PerJart Trans 1:1231). and P-aminoalcohoIs (Goidon ei al 
1985. Biochem Biophys Res Commun 126:419; and Dann et al.. 1986. Biochem Biophys Res 
Commun 134:71). . 

6. Linkers and Lipophilic Moieties 

In certain embodiments, a targeting moiety of the invention may be directly associated 
with a progenitor cell. This may be achieved, for example, by modifying the targeting moiety 
with a hpophilic moiety to allow insertion into or association with the cell membrane 
Methods for inserting a palmitated antibody into a cell membrane are described, for example 
m Colsky and Peacock. J Immunol Methods, 1989 124:179-87. Direct attachment to a cell 
may also be achieved by covalently attaching the targeting moiety to another element that has 
an affinity for a marker on the surface of the cell to be coated, such as an extracellular protein 
or oligosaccharide. 

In other embodiments, a targeting moiety of die invention may be indirectly associated 
w.th a progenitor cell. Indirect attachment may.be achieved, for example, by providing a 
hnker that associates with the progenitor cell to be coated and with the targeting moiety 
Exemplary linkers include Pix,tein G. Protein G is a highly stable surface receptor from 
Streptococcus sp. (Lancefield Group G). that has four Fc-fragment binding sites for 
immunoglobulins and each molecule can bind 2 molecules of IgG (Bjorck L and G. 1984; 
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Boyl.andReis 1987). Ano^^ex^plarylinkerisProtein A. Which also blndsRf,^^ 
b« w.«, . diffcn. Of ,peciflci.e». Unte. n,ay b. modified u> aasociace^o. .' 

im>gen„or ceU duough »y „, ,h= vanous approaches described above with «, di„«, 

attachment of . tat^eti^g moiety. For example, the Unker ».y be ™«.ified wiU, a lipophUic 
ZTa "■^'^ 'into is pataitated pn,«i„ o or pataitated 

There are a wide range o, lipophilic ^oieUes with which or t«^g ^oieUes 

may be denvafved. including without UmitaUon. pataitoyl moiety, mynstoy, ^ 
■ margaroyi moiety, stearoyl moiety, arachidoy. moiety, acetyl moiety, butyty, moie^' 
hexanoy moiety, octanoyi moiety, decanoy, moiety, lamoy, moiety. patai.„,e,y, 
behenoyi motety, and Bgnoceroy. moiety. P,^ u^„, n,o,e«es i™=lnde palmitoy, 
mo,e.y „,^,.o,| moiety, and m.rgan>yl moiety. A Bpophilic g.„p can be *,r example. . 
^.at,ve,y long chain aUcy, orcycloaOtyl (prefeab,, ^ ,,^„^ apptoximately 7 to 

30 ca*o„s. n« alky, g™.p may tenninate with a hyd,™,y or primary amine "tail-. To 

unsatu^t^l fatty acids and other Bpid and p^oBpid moiedes. waxes, cholest^l 
„s^^ "^"""^ -'-^-S xtoantane and 

buctanst^fulletenes. vitamins, polyethylene glycol or oligoethylene glycol. (Cl-C18>allcyl 

17 . .7^'' ""^ ^ - and 

Itr^rT' "^"^ 

"ithtacene, naphthrtene. pyrene, chrysene. and naphthaclae 

Opdo„|-ly. .he lipophilic moiety «„ b= a Bpopbi.ic dye suitable for use in «,e 

mv«,«on .nclude. but ^ ^ ^. diph«,ylhexatriene, Nile Red, N-pheny,-.- 

naphthylamine, Rodan, Laurodan Pvren*. P^«,i u . ■ 

x-auroaan. Fyrene, Peiylene. rhodamine, rfiodamine B. 

tetramethylrhodamine, Texas Red e i* u ^ • 

3^VVt*« .u.l sulforhodamme, l.l'-didodecyl- 

33.3 .3 tetramethyhndocarbocyanine perchlo^te, octadecy] rhodamine B and the BODJPY 
dyes available from Molecular Probes Inc nth^- i .• . 

. , . ^^^'^ exemplary lipophilic moieties include 



9018631.4 

-27. 



Attorney Docket Ref: CWRU-P6I-0I3 



The N-terminal amine of a protein can be modified preferentially relative to other 
ammes in a protein because its lower pKa results in higher amounts of the reactive 
unprotonated fonn at neutral or acidic pH. Aryl halides. aldehydes and ketones, acid 
anhydrides, isocyanates. isothiocyanates. imidoesters. acid halides. N-hydn,xysuccinix„idy, 
(e.s., sulfo-NHS-acetate). nitrophenyl estet.. acylinudazoles. and other activate ester, and 
thioesters are among those known to react with amine functions. 

There are a variety of chemical methods for the modification of many amino acid side 
chains, such as cysteine, lysine, histidine. aspartic acid, glutamic acid, serine, threonine 
tyrosine, arginine. methionine, and torptophan. Therefore a lipophilic moiety may be attached 
to an amino acid other than at the N-lenninus. 

To iltetrate. there are a large number of chemical c,o«-IinIdng agents that are known 
to those skilled in the at Heterebiftancaonal cn»„-linke„ ptovide fl,e abiUt, to design more 
specfic coupling methods for conjugating to p«,t.ins. theteby reducing the occnrrences of 
unwarned side reactions such as honA..protdn polyme.,. A wide «.riety of 
heten,biiunctionalcross-linke...rel™>w„i„U« .^ These include: succinitnidyl 4-(N- 
maleimidomethyl) cycIohexane.l-c«toxyIate.. . (SMCQ. . m-Maleimidobenzoyl-N- 
hydroxysuccinimid. esta: (MBS): N-s»ccmimidyl (4-iodoacetyl) aminobenzoate (SIAB) 
succnimidyl 4K,Hm.teimidoph«,yO butyrate (SMPB). l-ethyl-3K3-dime,hyIami„opropyl) 
ca^cdiWde hydrochloride (BDC>: 4-s«cci„imidyloxyca,tcnyUa.methyl.a-(2-pyridy.di,hio> 
tolune (SMFO, N-sucdnhnidyl 3-(2.pyrid,.dithio) propionate (SPDP). succinimidyl 6-[3.(2- 
pyndyldithio) ptopionare] hexanoMe (LC-SPDi^. Those cn»s-li„)dng agents having N- 
h^xysuc^nimide moieHes can be obtained as «„ N^ydroxysulfosu^mimide analogs. 
whKh generdly have g,e«er wat«- solubiUty; to addition, those cross-hnking agents having 
dtsulfide bddges Within the linking chain can be synthesized inst^ a. the alkyl derivatives 
so as to reduce the amount of linker cleavage fa vivo. 

m «ldia«, to the heterobiftmcaonal cross-Hnken,. there exisis a number of other 
cress-linking ^ homobifimcMonal and photoreacUve cress-linke,,. 

D,»ucc.n,mK.yl snb««e (DSS). bismaleimidohexane (BMH) and dimethylpime,imidate.2 
HCI (DMP) are ex«nples of useful homobifunoUonal cress-linking agents, and bis-[M4- 
az,dosalicylamido)ethyl]dis„lfide (BASED) and N-auccinimidyl-«(4--azido.2-.nitropheny.- 
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«nino)hcxa„oa.e (SANPAH) ^ examples of -sef.. ph„,o«acdve ca^„„,^ ^ i„ 
tt»s mvc„«»„. For a «ce« ..view of protein coupling «chniq»», «e Means « .1. (1990) 
BuKonJusM Chemisir,, 1:2-12, inco^iorated by reference herein. 

One parHoularly useful class of h.teTOb,.func«„nal cn«s.Bnke«. included rfx>ve 
con«.n fte prinaao. amine reacttve group, N-hyd«>xy3«^„i™de (NHS), or i« w.«r soluble' 
analog N-hydrexysulfosuccinimide (sulfo-NHS). Primary .mines fly^ne epsilon g™,pa) a. 
alkalme pH's are „npro»na,ed and react by „„cl«^hilic aaack on NHS or sulfo-NHS esters 
Thrs reacon result in tt» fon™«on o, an amide Ixmd, and release ofNHS or sulfo-NHS as a 
by-product. 

In ce,«in embodiment, fte lipophUic moie^ employed is . Upid mdeq,. Generally 
a Up.d".sa "-nberofahaerogeneonsclassofhyd^phobicsubs.anceschanKaeri^dbya' 
vanable solubility in organic solvent, and insolublHty, for dK, most pan. in water TKe 
pnncipal class of lipids rt,a. are encompassed within this invenUo. ^ fatty acids and sterols 
(..«., cholesterol). Dcrivatized potems of the invention contain fany acids which are cyclic 
acyclic (U.. stmight chain), saturated or unsatmaed. mon<«artK,xyIic acids. Bxempla,; 
saturated fittty acids have the generic f«mul. CH3(Cm).COOIl IT. following Table B 
hsts example, of some fatty acids that can be derivatived co„venie„„y „sing conventional 
chemical methods. 



Saturated Acids: CHS (CH2)n COOH ~ — 1 


vaiue or n 

"2 — 


Common Name 




butyric acid 


4 - — ^ — 

^6 " 


caproic acid 


"8 ~ 


caprylic acid 


lo " — ' 


capric acid 


~T2 " ~ — — 


lauric acid 


Ia 


myristic acid 




palmitic acid 
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16 


stearic acid 


18 


arachidic acid 


20 


behenic acid 


22 


lignoceric acid 


Unsaturated Acids 


CH3CH=CHCOOH 


crotonic acid 


CH3(CH2)3CH=CH(CH2)7COOH 


myristoleic acid 


CH3(CH2)5CH=CH (CH2)7COOH 


palmitoleic acid 


CH3(CH2)7CH=CH(CH2)7COOH 


oleic acid 


CH3(CH2)3(CH2CH=CH)2(CH2)7COOH 


linoleic acid 


CH3(CH2CH=CH)3(CH2)7COOH 


linolenic acid 


CH3(CH2)3(CH2CH=CH)4(CH2)3COOH 


arachidonic acid 



Other lipids that can be attached include branched-chdn fatty acids and those of the 
phosphoHpid group such as the phosphatidyJinositols (/.e., phosphatidylinositol 4- 
monophosphate and phosphatidylinositol 4,5-biphosphate), phosphatidycholine, 
phosphatidylethanolamine, phosphatidylserine, and isoprenoids such as famesyl or geranyl 
groups. 

7. Bioactive Factors 

In certain aspects, compositions and methods of the present invention further comprise 
a bioactive factor, such as a growth factor, a cytokine or a chemokine. Such bioactive factots 
may regulate the growth, differentiation, and/or function of the progenitor cell. The bioactive 
factors may be added with the progenitor cell. Optionally, the bioactive factors may be added 
subsequent to the delivery of the progenitor cell. 

To illustrate, the bioactive factor may be selected from a growth factor of the 
transforming growth factor p superfamily a TGPp or a TGFo,); a bone morphogenetic 
protein (BMP, e.g., BMP2 or BMP4); cartilage-derived morphogenic proteins (CDMPs, e.g.. 
CDMP-1 or CDMP-2) and growth differentiation factors (e.^., GDF5); angiogenic factors 
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ie.g.. angiogenin); platelet-derived cell growth factor (PD-ECGF); platelet-derived growth 
factor (PDGFs. eg., PDGF-A. PDGF-B. and PDGF-BB); vascular endothelial growth factor 
(VEGF); a member of the epidermal growth factor family {e.g., EGF. TGFs, and PDGFs); 
fibroblast growth factors (e.g., bFGF); hepatocyte growth factors (HGFs); insulin-like growth 
factors (e.g., IGF-I and IGF-II); nerve growth factors (NGFs); colony-stimulating factor ie.g., 
CSF or GM-CSF); neurotrophiti (e.g., NT-3. 4 or 5); growth hormones (GHs); interleukins 
BL-l. IL.15); connective tissue growth factors (CTGFs); parathyroid honnone related 
proteins (PTHip); chemokine; Wnt protein; Noggin; Gremlin; and mixtures of two or more of 
these factors. 

8. Methods of Cell Delivery 

In certain aspects, the present invention provides methods of delivering a progenitor ' 
cell to a target tissue in a subject. In certain embodiments, the method is a two-step approach, 
which comprises coating a progenitor cell with a linker.and then contacting the coated 
progenitor ceU with a targeting moiety that binds to both the linker and the target tissue. In 
other embodiments, the method is a one-step approach, which comprises directly coating the 
progenitor cell with a targeting moiety tiiat binds to both the target tissue and the progenitor 
ceU. 

The progenitor cell having been either directiy or indirectly complexed witfi die 
targeting moiety can be administered to a subject by a variety of means. Such administration 
methods, in view of this specification, are apparent to tfiose of sMU in flie art. In certain 
embodiments, tiie progenitor cell is delivered to tiie subject by injection into blood. In other 
embodiments, tiie progenitor cell is delivered to tiie subject by injection into the target tissue. 
In still other embodiments, tfie progenitor cell is delivered to the subject by surgical 
implantation. In still otiier embodiments, die progenitor cell is deUvercd to tiie subject by 
subcutaneous injection. In yet other embodiments, the progenitor cell is delivered to tiie 
subject by intra-peritoneal injection. In yet otfier embodiments, tiie progenitor cell is 
delivered to the subject by intra-synovial injection. 

In certain embodiments, progenitor cells may be inserted into a delivery device which 
facilitates introduction by injection or implantation into tiie subjects. Such delivery devices 
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may include tubes or intraluminal devices, e.g., catheters, for injecting cells and fluids into the 
body of a recipient subject. In a preferred embodiment, the tubes additionally have a needle, 
e,g,, a syringe, through which the cells of the invention can be introduced into the subject at a 
desired location. 

The progenitor cells may be prepared for delivery in a variety of different forms. For 
example, the cells may be suspended in a solution or gel or embedded in a support matrix 
when contained in such a delivery device. Cells may be mixed with a pharmaceutically 
acceptable carrier or diluent in which the progenitor cells of the invention remain viable. 
Pharmaceutically acceptable carriers and diluents include saline, aqueous buffer solutions, 
solvents and/or dispersion media. The use of such carriers and diluents is well known in the 
art. The solution is preferably sterile and fluid. Preferably, the solution is stable under the 
conditions of manufacture and storage and preserved against the contaminating action of 
microorganisms such as bacteria and fungi through the use of, for example, parabens, 
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. Solutions of the invention may 
be prepared by incorporating cells as described herein in a pharmaceutically acceptable carrier 
or diluent and, as required, other . ingredients enumerated above, followed by filtered 
sterilization. 

9. Methods of Treating Diseases or Tissue Injuries 

In certain aspects, the present invention provides methods of treating a disease or a 
tissue injury. For example, the tissue injury may result from laceration, bums, poison or 
extremes of temperature. Such methods comprise: a) providing a progenitor cell linked to a 
targeting moiety, wherein the targeting moiety selectively directs the progenitor cell to a 
diseased or injured target tissue; and b) delivering the progenitor cell linked with the targeting 
moiety to the diseased or injured target tissue. Optionally, the metiiod of treating a 
disease/injury can be used alone or in combination with other therapies. 

Progenitor cells derived from the embryo and from adult tissues have been shown to 
have extensive potentials for self-renewal and differentiation (see, e.g., Triffitt, 2002, J Cell 
Biochem, Suppl 38:13-9; Vats et al., 2002, Clin Otolaryngol, 27:227-32; Stocum, .2001, 
Wound Repair Regen, 9:429-42). Thus, a wide variety of diseases or injuries may be treated 

9018631^4 

-32- 



by .teUvedng a progenitor cell to a target di=«ased or taj„,ed tissue so that tlte „,alft,ncUonal 
tissue be specifically „,p,aced ™,h a funcUonal Ussue dedved from the progenitor 
cell. Examples of diseases and injuries include without notation, diabetes'. canBovascular 
dtsease. amyotrophic lateral sclerosis. PatWnson's disease, Hunttngton's disease, multiple 
sclerosis, stroke, myocardial i„farcU„„. spinal cord injuty. brain injury, peripheral 
neuropathy, autoimmune diseases. Hver based metabolic diseases, acute li«r failu». chnmic 
liver disease, leukemia, sickle-cell anemia, bone defects, m^^ular dystrophy. bun« 
osteoarthritis, and macular degeneration. 

TO illustrate, muscle stem cells have been shown to p^ticipate ta «genemtion after 
muscle damage and may be used for treathtg muscular dystn^hy (see. T«rente « al 
2001. J CeU Biol. 152:335-48). Petal neom, cells, which ai. mi«u.« of multipoten. neu,^ 
stem cells, more restricted neural and glial p.ecun»m. and .«mtoally di^Ua.i„g cells 
have been used successfully to ,ev«« symptoms of Paritinson's and Huntfngt^fs diseased 
(see. e.g.. BjorMund e. al. 2000. Na^ Neun,sci, 3:537-44). Jfcmatopoietie stem cells when 
mjected mouse myocardiun. infttcted by coronary artety ligation, can diHe,««i«e.in,„ 
prohferaUng cardiomyocytes and vascular structu,«. .suBcs«ng their use in feating 
cartiovasculardiseases (see. e.«.. OrUc e, .1.. 2001. Ar««^. 410:701-5). Mese.«b,mal stem 
cells ha«. be«. Show, promise in the repair of cartilage, tendon, and segmental bone defects 
(see. .s.. Waki,anie..... 1994. 7 Son. /oto S.^*. 76:579-92; Young et .1.. 1998./0„top 
16:406-13; Myalae, a... 1997. JUsueEng. 3:173-85; Bruderetal.. 1998./i,„;^y<„„, 
Surg. 80^.85-96; Bntder et 1,. 1998. J OnHop lUs. 16:155-62). TVansplanted neural stem 
cells we.. weU integtated into the hosfs ische™,,.inju™i ,«inas. suggesting their use in 
repainng letma (see. e.g.. Kurimoto et al.. 2001, Afamwci Lea. 306:57-60). 

Exemplary progenitor ceUs and the related diseases or injuries have also been 
described in fl» following U. S. patents (preftced by "US") and intemaUonal patent 
applications (preftced by "WO"-): US 5,130.141; US 5.786,217; US 6328,960, US 6,387 369- 
WO 01/42425; WO 01/23528; WO 0W39784; WO 02/09650; WO 02^6829. 

10. Tissue Engineering 
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AOomeyDockelReliCWRU-PSimis ' -*i3aJ 

to «nai„ aspecB. the present inventfon p^vides composiHon ■„„, „„,a„«u of teu. 
eng-neenng. Tissue engineering provides tt,e oppor.„„i,y ,„ gene.^ aving substotes to 
ussues and o,gans. which n,ay ove,.on,e toe dn.wbao)cs of classica. fisaue «consttu«ion 

In cenain embodi^enu,, u« p^en. invention p^vides a .issue engineering 
co™pos,ho„ Which comprises: a) a progenitor ceU; b) a tatgedng „K,ie.y fl« bi«b .„ a taj 
«ssue; and c) a biocompatible soaffoid. Such tissue engineering co.^«on genenja 
.caffoid g^ft to be deiiveted to a tatget tissue. OptionaH,. tissue engineering IposiHon 
2 a scaffoid graft that can each inciude one t^ of ptogenitor cen or IJ 

types of progenitor cells. ^ 

In otoer embodiments, the ptesent inv«,tio„ p^vides a n»thod of deHvering a 

iTb dT ' ^'^'^ " '^"^ " ^^'^ '» • mofety 

«,a, b,nds to a targe, tissue; b) seeding the p-ogenitor cell fton. (a) onto a scaffoM. thereby 
fc™„g a scaffold g«ft; and c) in^tau„g ^ ^ ^ ^ J 

or2ac»..o,a,arge.tissueforasu«icie„,,i^.„Hereince.Uof.,het.rge.«ssueass^^^^^^ • 

c^h I", «-«».P-=.*esca,fo,d graft 

ca„bedeUve.«l.n.t.rgetassueb,s„.gica.ia„l.ntadon.Opti„„a„y. such ntethods n,ay 
funher co^nse removing the scf&W gtaft the subject. For e,«np,e. the scaffold graft 
Removed fton. the subject the scafl61d and the tissue i, bears at .he end ofThe 
."^^bon period) can fl,en be r^g.^ ,„,„ ^«her target tissue. To illustrate the 

»ca«o«g.a«.en,ovedfto.„ate«h»,„r.g.,nen.c.„U«nhe..graftedi„,oaJoi« 
mptured or odierwise damaged Ugaraent. 

As de«^bed herein. «,e biocompatible scaffold can consist of bio.csort,able or no„- 
btoresori-aWe n^riais. if ^ ^ ^ ^^^^^ 

^ I not sig^ficantly resori, during the period of «me when ,he targe. 

. bemg hnd down on or within it Such scaffolds will genets a scaffold graft .^a, 
.ncludes hvmg ells and easentiaBy retain their shape and nrechanical integrity. I some 

for sample. ,ess rt^ , 2* „^,^^ ^ ^ ^ 

consttucted wid, hvo or m»e biotesorbable materials, it may be preferable ,„ solec. the 
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A wide nmg. of bio^aorbable materials is well known in U» an. wift vandng in viv« 
^on ,in«s. Moreove.. u,e .so,«o„ „™e of a single n»^al itself Z 

^o^«bab,e .a.eria,s an^or by modifying u,e „o,ec«,ar weigb« of *e Calais i, 
poss,ble.o..,„.be^^«on«™of«„bio^ort»b,en««ria..ou„^„i„n^^ 

In ce«a.n en,bodime„.s. «,e bio,esortable .materials for fte WocoMpatfble scaffold 
b,oreso*abie polype, or c„po,yn«, .h« comprise tt„ foHowing ™>„oI^t 
~ o poly^e. and/or copolyn^ fo™ed U,e^^ K,*o,y acids. pLcITL" 

r^omr ~= -^'"~= on-s^r^^ooa^rs: 

Optionally, me bio«sorbable materials cm also inchd. „an«l materials such as 

oT^' T -""^ ---- - - -1^ 

«r ftese ™a,e„a^s. ^e bio,.so*ab,e ™ .nay aUo con.prtse dcvi«i«<, «nog«^ 
Preferred tao^sorbahle m«eri.,s include poIy(lac«c acid). polyfglycoUc acid> 

pXiTdrr^^"^' ~-^>- ~ or tl:^;. 

Polyaacuc acd) has good n«cha„ical strengtt. and does no. «so,b i„ 
.«chan.ca. propcrUes can be re«„ed for a Un,e sufficien. ,„ ^' 

Bone G^ft. Ou^ Ma^, 17=35-67. 1994). S«np.es of po,y(.ac.ic acid) have been 
»h»wn«„ose„nlyoneortwope.cen.ofrt,eirweigh.overal2-weekttial 

scaffold^ilT T""^' "°"-'»-~" for .he biocampa«bte 

scaffold .nclude polyes^rs. pa«icul.rty aromadc polyester^ such as pojyallcylene 

fl-oode). poly^t^uor^myene carbon fib,es; silk (natural or syn.he.ic); carbon flL gll 
^ ^ of dtes. ^a^rtals. An adva„.ge of non-bioresorbabie „..^a,s is L ^^^ 
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essentially retain .heir initial n^echanical properties. Thus, their strength does not lessen over 
time. 



Preferably, the biocompatible scaffold is at least partially porous so that it allows 
fssue in-growth. When the scaffold contains interconnected pores that are evenly distributed 
cells can infiltrate essentially all areas of the scaffold during the period of implantation. The 
pore diameter is determined by. in part, the need for adequate surface a,«a for tissue in-grx,wth 
and adequate space for nutrients and growth factors to ,^ch the cells. In certain 
embodiments, the biocompatible scaffold may comprise a woven, non-woven (fibrous 
material), knitted, braided material, a foam, a sponge, a dendritic material, or a mixture of two 
or mo.^ of these. Optionally, the scaffold can be planar in form, cut or otherwise formed, if 
necessary, to an appropriate shape. For example, the scaffold can fomi a quadrilateral, circle, 
tnangle, or other geometric shape in plan view. 

In certain embodiments, the biocompatible scaffold can include certain additional 
components. For example, the scaffold may include bioactive facto,., such as growth factors, 
cytokines or chemokines 

In other embodiments, hydmgels can also be included in the biocompatible scaffold. 
For example, the hydrogel can be incorporated within and/or around the scaffold prior to 
implantation to facilitate the transfer of cells and other biological material (e.g.. growth 
factors) from the surrounding tissue into the scaffold. Hydiogels include positively charged 
negatively charged, and neutnd hydrogels. and can be either saturated or unsaturated' 
Examples of hydrogels are TETRONICS™ and POLOXAMINES™, which are 
poly(oxyethylene).poly(oxypropylene) block copolymers of ethylene diamine- 
polysaccharides, chitosan. poly(vinyl amines). poIy(vlnyl pyridine). poly(vinyl imidazole), 
polyethylenimine. poly-L-lysi„e. growth factor binding or cell adhesion molecule binding 
derivatives, derivatized v«.ions of the above (e.^.. pdyanions. polycations. peptides 
polysaccharides, lipids, nucleic acids or blends, block-copolymers or combinations of the 
above or copolymers of the corresponding monomers); agarose, methylcellulose 
hydroxyproylmethylcellulose. xyloglucan. acetan. carrageenan. xanthangum/locust beangum' 
gelatine, collagen (particularly Type 1). PLURONICS-^. POLOXAMERS™. POLY(N. 
isopropylacrylmide). and N-isopropylacryhnide copolymers. 
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Exemplification 

The invention now being generally described, it will be more readily understood by 
reference to the following examples, which are included merely for purposes of illustration of 
certain aspects and embodiments of the present invention, and are not intended to limit the 
invention. 

Rabbit articular chondrocytes 

New Zealand rabbit articular chondrocytes were harvested as previously described 
(Wakitani et al.. 1998. Tissue Eng., 4:429-44.) with minor alterations. Briefly, rabbit distal 
femoral condyles and proximal humeral condyles were harvested after the rabbits have been 
sacrificed by Fatal-Plus® (Vortech. Dearborn, MS) injection. The articular cartilage layer was 
scraped off the condyle using a scalpel, minced intd 1 mm^.pieces which were digested in a 
mixture of enzymes (Collagenase 1%, Trypsin 0.05% and Chondroitinase 0.1%) in 
Dulbecco's modified Eagle's Medium over night at 37 ">€ in .5% CO2 /95% air with constant 
gentle mixing. The mixture was filtered through a 70 (im filter to obtain a single cell 
suspension. The filtered solution was centrifuged at 300 x g for five minutes and supernatant 
discarded and replaced with fiesh Dulbecco's Modefied Eagle's Medium (DMEM) 
supplemented with 10% selected lots (Lennon. et al.. 1995. Exp Cell Res., 219:211-22) of 
fetal calf serum (FCS. Gibco BRL, Gaithasburg. MD) and antibiotic-antimycotic solution 
(Penicillin G sodium: 100 U/ml. Amphotericin B: 0.5 fig/ml, streptomycin sulfate: 100 /ttg/ml; 
Gibco/BRL). The cells were counted with a hemocytometer and plated in 100 mm Petri- 
dishesat2.0Xl05 cells per plate. The first medium change is done 48-72 hours after plating 
after which the medium is changed twice a week. 

P^mitation of Protein G 

Recombinant protein G (Sigma, St. Louis. MO) was derivatized with N- 
hydroxysuccinimide ester of palmitic acid (Sigma. St. Louis. MO) using the procedure 
described by Kim and Peacock (Kim. et al.. 1993. J Immunol Methods, 158:57-65) for 
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^^^c. cf pr„«.„ A. 1^ Hpi«ertv,«^, p„^i„ o wa. purtfied „„ a 10 ™1 Sephadex 
G-25 ffha™.™, Pisca^™,, NJ) column eq„ilibra.ed wi* PBS conW„i„g 01% 
<teo.ychola,c (DOQ pH 7.4. Th= protein conce„«,ion wa. adju.«d 750 MS/n,l by OOJ 
ahso*»ce (UV-.«, speo,ropho«,™e«r. Shimadru) a. 280 ^ acco^ng ^ ^es' 
20 filter sterilized, and stored at 4 »C until used. 

mitotic potential. ^ 

■ M W,« expanded chondrocjtes we,, .rypstai^d off tte plated, waahed teee dme, h, 

s«™ flee DMEM and ,e-s„spende<. a, a den«.y „, 3^ X 10«/n,. in DMBM. Va^ing 

— ations Of pa.miu.ted protein G (PPG) or no..briva«^ p™tei„ q . 

con«>,) were added .o d,e cel. suapenaion. «,d *e waa incubated at 37 ^ for 2 hour. 

wta, constant gentle nUxing. To ^ the i„co,po„tion of PPG onto eel, suAcea. .he celb 
wete waahed twice in the buffer (PBS. O.I.* DOC pH 7.4).^ «,en incubated a. 4 for 1 

our w,u ,00 p. onoo ^ Of Pnc-human IgG (Sig.™,di,uted in .he „,„e b„«r (per 
.1^X10 cell* Ce.la we,* w.ah«. thtee ti«u» in the^ufler and anaiyzed « the How 
Q.on.e,ry Core Faci,i.y a. Caa. Weatem Reserve Uni^taity (N«,ona, Cancer Institute Cote 
Factltty. Ceveland. Obi., US.A.) by fl««sce„, n^^,. ^ 
c^c^tr^ions Of PPG coating was a«ess«. using pn^idiutn iodine ..pta.^ as ,ua„tifled by 
FACS sc^,. An ahquo. of ceOs ftoo, every concentraS™, was r^plated ,00 nun petri- 
dtshes ,„ con,p,ete median aUowed to attach and incubated « 37 in 5% CO. /95% air. 
^ ce..s „e,e uypsini^ after one week incuba«on. cou„t«i by a hen»=y.ometer u, 
determine Hie effects of PPG coattag on cell giowth. 

Aggregate Cultures 

Aggn=««e culnues (Yoo et .1.. 199S,JBo^ Mn, Surs Am.. 80: .745-57) we.e used to 
.ss«s chondtogcnic potend„ of antibody^ ceBs. CeUs were coated with a n„.ge of 
«»«ng concentrations of PPG (0-60 ^g,n,.) and a second coating with human HTC IgO 
««body. C...S wete phced in 0.5 ntl of detrned medium (Dulbecco'a Modified Eag,e 
»e*um base supptanented wia, 6.25 ;,g,m. insulin, 6.26 Mg^m. transfetrin. 6.25 ^g/tn, 
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«=leniou, ^ 5.35 ^g,„J ^cid, 1.25 ^^rni bovine s^n.n, albumin (BSA) , 

P^va..^ 37.5 ns/n. ■«o*a,e-2-pbo.pa.e) 2.0 X ,0= ce„s per .5 po„p!;^„e„^ 
and ce„«ft.ged a. 500 x g for Ave ^n^. pdleu we, in^baled „ 37 ^ 
u.5%CO./95%air. for tt>,ee weeks wift ^|u„ changes every o>her day. Wiftinfl,ete, 

flxea .„ ,0% neutte, b^e.d ,o™^i„ fc, 
phenotype was assessed by exan.na«on of his»,ogic secdona «a,„ed Witt, »,„id,n. bine 
(c^ndrogenic ce.is are ronnd. s™„ded by a n»n>.*romaHc Gaining ,ep«.e„tt„g bigM^ 
su,fa,ed glycosan^noglycans). In »der «, ««H» ved,y pbenotype of tt,e ce,>a li„l 

° — -'^'-^'^ ^'^'^ was carHed on. as p^vioualy 
descnbed (Nagano, e. a... 2002. J „,s^ 50:1049-58). Briefly. secHoJ 

U/m. S-gma H-3506) for 60 minn.es. A second digeaSon waa p^o^ed using Pron^e 1 
.g,™. CSig^a P-5H7) for 15 n.n«ea . 2„ c after wMcH non-speoific adbesion s^J^ 

T^^l """"" ^ n»„sea„H^„ag«, .ype n IgO 

(n-ll«3) d,.n.ed ,n 3% BSA 1:200 for 60 minn^s. Jt. sBdes are washed wi,h^* BSA 
2 wiU, seeond hyer o, h„rae«flsh per„xida»e-c„„ju,«e goa.-an.i ™onse IgO 

Shdes were washed ta MS «,d co„Uas«d in a solntion of Ve«or VOP Snbs,«.e (Vecor .abs' 
Bnri,n.ga™e. CA) according «. tt^e mannfacUnerS insm.«o„s. washed and conn^rsuUned" 
-U.faa.g««,. ll»slide.we«observedonan01yn,pnaBH-2fl„o,escencenncn«cope. 
Cen coating with matrix specHIc antibodies. 

Cells pre.coa.ed witt, PPQ were washed twice in bnHer and ttien i„cub«ed a. 4 -C for 

(per 1.0 X .0 cells). TUo canUage n,a«x specific anttbodies used were: mouse «,«. 

KoTvrr" tTT ■'"''■'''°"*<"* « -f.- ISO (3B3; Seii.sa.cu 

Kogyo, Inc.. Tokyo), mouse ana-kera.an sulfate IgG (5D4) (Cateiaon. Iowa Cily. lA) Afier 
ft. mWa, incuba«on d. cells were washed uvice in tt,e same buffer and incubated for' 1 hour 
wd, rrrcconjugated P(ab)-2 goat anti-mouse andbody (Sigma) diluted m fte same bufler 
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After this last incubation the cells were washed and the efficiency of coating was assessed by 
FACS. ' 

Vybrant™ staining of cells 

One day prior to coating of the cells with PPG. the cells were incubated in 10 
Vybrant™ (Molecular Probes. Eugene, OR) in Hank's balanced salt solution for 15 minutes at 
37 oc in 5% CO2 195% air after which they were washed once with Hank's balanced salt 
solution and fresh medium was added. This vital staining of cells is based on the passive 
diffusion of a colorless, npnfluorescent carboxy-fluoiescein diacetate succinimidyl ester 
(CFDA SB) into cells. Once in the cell, the CFDA SE is cleaved by intracellular esterases to 
yield a highly fluorescent dye which is retained in some cells for a number of weeks. Staining 
of the cells was verified by fluorescent microscopy after trypsinization of the cells and before 
the PPG coating procedure. 

Frozen Sections ^ 

5-8 nm frozen sections of rabbit articular cartilage were cut and placed onto 3-araino 
propyltriethoxysilane coated slides (Sigma) and stored at -20 "C until use. When tested the 
slides were first hydrated in PBS for 30 minutes. Half the sections were incubated in 
chondroitinase ABC (0.1 U/ml) for 15 minutes, and all sections were then blocked with 1% 
BSA/PBS for 5 minutes. Next, the sections were incubated for 45 minutes vdth 30 (il of 10 X 
10« Vybrant™ stained cells in PBS coated with different antibodies (or PPG as a negative 
control). After the incubation time the sections are gently and meticulously washed with PBS 
for 5 minutes, suspended for 30 seconds in 5 ^eg/ml propidium iodine, washed again, and 
cover-slipped with 1 mg/ml p-phenylendiamine in 45% glycerol in 1 N sodium phosphate, pH 
8.5. The slides were analyzed using fluorescent microscopy. 

Osteo-Chondral explants 

Osteo-Chondral explants were harvested from 1-year-old male New Zealand white 
rabbits after they were sacrificed by intra-venous phenobarbital overdose (2.600 mg/kg; Fetal- 
Plus. Vortex Phannaceuticals. Dearborn. MI). The distal femoral condyles were sterilely 
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harvested and 4.25 nun diameter trephine is used to manually harvest 3-4 osteo-chondral 
cylinders from every femur. A standard defect is then created by sliding a 1 mm diameter 
ring curette along the cartilage surface, this is performed taking care as to not penetrate the 
subchondral bone. These explants were incubated in a 96-well plate with the cartilage side 
facing up and the different Vybrant™ stained cells (1.5 X 10<^ cells/well) coated with the 
different antibodies are applied to the well on top of the explants and incubated for 45 minutes 
at 37 "C in 5% C02/95% air. Following this incubation, the explants were turned cartilage 
side facing down into empty wells filled with DMEM- Using a conical insert, the cartilage is 
kept above the bottom of the well thus allowing gravity to affect the attached cells. This 
incubation was carried out for 12 hours. The explants are then harvested, fixed in 10% 
neutral buffered formaUn, decalcified, embedded, and analyzed by fluorescent microscopy. 

Membrane incorporation of palmitated protein G and the effects on cell viability and 
nutotic potential 

A two-step strategy was developed for- quantitatively coating cells with cartilage 
matrix specific antibodies. The first set .of optimization procedures is aimed at efficiently 
coating cells with PPG. In order to coat cells with antibodies from different species, it was 
necessary to test the use of PPG in the coating procedure. To test the ability of PPG to coat 
cells, cells were incubated in a range of PPG concentrations and as a negative control, cells 
incubated with buffer only or with non-palmitaled protein G. CeUs incubated with buffer only 
or with non-palmitated protein G did not hind significant amounts of FTTC labeled human 
IgG (Figure 1). A linear increase of mean fluorescence intensity was observed in samples 
incubated in 10-60 iig/ml of PPG (Figure 1). To verify coating of the cells with the second 
layer of matrix specific antibodies (2B6, 3B3, 5D4 and n-116B3), cells incubated in primary 
antibodies were washed and mcubated with goat anti-mouse FTTC labeled antibody (F(ab*)2 
fragment). After washing the cells twice in buffer, fluorescence was quantified by FACS 
(results not shown). The results showed that PPG coated cells were, in fact, coated with 
matrix specific antibodies. 
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Effects of coating with PPG on cell viability, nutotic potential and chondrogenic 

ftopidi-m iodine uptake, assessed by PACS, was used to assess Uie effects of d,e 
eoat-ng p««d™. on ceilular viability. The .^nlts (Figute 2) show«. above 95% viaMHty of 
cells coaled wiUi concentrations of up to 60 ilg/ml PPG. 

„ 1"°^ °' """^ """""'"S """bcr of cells 

(2.0X10 ) coated witi, different concentration of PPG in 100 mm petriKlishea. After I week 
of ipcubation a, 37 -C in 5% CO. m% air d,e ceils „e,e trypsinized ^ counted, mese 
«suta Showed no adverse effect of ce.. paindng on miu«ic exp»,sio„. FPO coated cells 
^Pled in number in all PPG concentrations tited (10^ /.g^ml, „d no significant 
differences were observed between PPG san,ples and uncoated control. (Figure 3) 

Cells coated with PPG-PnC labeled h»,«n IgG formed oval agg,ega«« after 1 week 
■n culture in chondroge^c culhn. conditions, and generaUy gr«v in size by 3 weeks in 
culture. Histologic examination of toluidtae bto^stained 5-^ sections of th.ee week old 
aggregates showed rounded cells «™„nded by st^t m^. s«.ined n«ri, 

.ndtcaflng a high sulfated glycos«ninogl,«n con,«« 4). .which conel«es with 

carhlage matrix. To conflnn .he chondrocyte phepotype in fl,ese sanrples. sections were 
assayed by imn,unohistochen,ist,y for expression of collagen type n, and this analysis 
revealed the presence of coltagen type n plus cell matrix (data no. shown). 

TargeHng Frozen SecUons 

The chondrocyte were flrs. incubated in a vital dye. Vybnm.™. which is metabolized 
mto tte <l«,resce„. molecute only by living cells. Once Ure ceU, wen= stained they wete 
co«ed Witt. PPG and a second layer of matrix specific .n«b«Bes. Fluorescent mic^graphs 
showed that cells coated wia, specific m«rix antibodies are found in g.eater density on d» 
sections than in controls figure 5). 

Osteo-chondral explants 

TO te« ft. ability of anUbodjHXMted cells to ptefeentially bind u, carSlage matrix, 
Vybran, tabeled c»lls were used in order to assess the targeting potential of our antibody 
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coated cells. A system was developed to allow us to create a standard articular defect in an 
osteochondral explant. Fluorescent micrograph revealed greater number of cells 
preferentially inside the defect than on the native cartilage surface when specific antibodies 
were used and a different morphology of the cells inside the defect. Cells that adhered inside 
the defect without specific antibody coating had a flattened appearance while specifically 
targeted cells seem to be round and clumped in groups. It also appears that combining the 
different antibodies together in the coating of cells has an additive effect (Figures 6. 7 and 8). 

Incorporat ion bv Refei-gnfo 

All publications and patents mentioned herein are hereby incon)orated by reference in 
thetr entirety as if each individual publication or patent was specifically and individually 
mdicated to be incorporated by reference. In case of conflict, the present application 
including any definitions herein, will control. 

Eouivalentjg 

While specific embodiments of the subject invention have been- discussed. ti,e above 
specification is illustrative and not restrictive. Many variations of ti,e invention will become 
apparent to those skilled in the art upon review of ti.is specification and ti,e claims below 
The full scope of the invention should be detennined by reference to tf,e claims, along witi, 
thenr full scope of equivalents, and the specification, along with such variations 
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We Claimi 



A cell delivery composition comprising: 

a) a progenitor cell; and 

b) a targeting moiety that binds to a target tissue, 

wherein said targeting moiety selectively directs the progenitor cell to the target tissue. 

The composition of claim 1, wherein the progenitor cell is selected fit>m the group 
consisting of a totipotent stem cell, pluripotent stem cell, multipotem stem cell 
mesenchymal stem cell, neuronal stem cell, hematopoietic stem cell, pancreatic stem 
cell, cardiac stem cell, embryonic stem cell, embryonic germ cell, neural crest stem 
cell, kidney stem cell, hepatic stem cell, lung stem cell, hemangioblast cell, and 
endothelial progenitor cell. 

The composition of claim 1, wherein the progenitor cell is derived irom a de- 
differentiated chondrogenic cell, myogenic cell, osteogenic cell, tendogenic cell. - 
ligamentogenic cell, adipogenic cell, and dennatDgenic cell. 



4. The 



composition of any of claims 1-3. v^herein said progenitor cell is pre-coated with 
a linker. 



The composition of claim 4. wherein said linker is selected fiom the group consisting 
of protein G and protein A. 



ic moiety. 



6. The composition of claim 4. wherein said linker is modified with a lipophil 

7. The composition of claim 6, wherein said lipophilic moiety is selected from palmitoyi 
moiety, myristoyl moiety, margaroyl moiety, stearoyl moiety, arachidoyl moiety, 
acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyl moiety, decanoyl moi^y. 
lauroyl moiety, palmitoleoyl moiety, behenoyl moiety, and Ugnoceroyl moiety. 
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8. The compositijon of claim 1, wherein said progenitor cell is directly linked to said 
targeting moiety. 

9. The composition of claim 8, wherein said targeting moiety is modified with a 
lipophilic moiety. 

10. The composition of claim 9, wherein said lipophilic moiety is selected from palmitoyl 
moiety, myristoyl moiety, margaroyl moiety, stearoyl moiety, arachidoyi moiety, 
acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyl moiety, decanoyl moiety, 
lauroyl moiety, palmitoleoyl moiety, behenoyl moiety, and lignoceroyl moiety. 

11. The composition of any of claims 1-3. wherein said progenitor cell expresses a cell 
surface marker or an extracellular matrix molecule. 

12. The composition of claim 1 1, wherein said cell surface marker or extracellular matrix 
molecule is selected from the group consisting of CD4, CDS, CDIO, CD30, CD33, 
CD34, CD38, CD45, CD133, CD146. fetal liver kinase-i (Flkl). C^Kit, lin. Mac-1, 
Sca-1, Stro-1. Thy-1, Collagen types H or IV, Ol, 04, N-CAM, p75. and SSEA. 

13. The composition of claim 1. wher«n said targeting moiety comprises a component of 
a specific binding pair. 

14. The composition of claim 1, wherein said targeting moiety interacts with an epitope 
intrinsic to the target tissue, 

15. The composition of claim 14, wherein the epitope is a protein or carbohydrate epitope 
of the target tissue. 

16. The composition of claim 15, wherein the carbohydrate epitope is within a complex 
carbohydrate. 
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17. The composition of claim 16, wherein the complex carbohydrate binds to a lectin 

18. The composition of claim 16. wherein the complex carbohydrate is a proteoglyi 



can. 



19. The composition of claim 18. wherein the proteoglycan is selected from the group 
consisting of chondroitin sulfate, dermatan sulfate, heparin, heparan sulfate, 
hyaluronate, and keratan sulfate. 

20. The composition of claim 1, wherein said targeting moiety comprises a homing 
peptide. 

21. The composition of claim 20, wherein said homing peptide comprises a sequence 
selected from PWERSL. FMLRDR, and SGLRQR, and target to bone marrow tissues. 

.22. The composition of claim 20, wherein said homing peptide comprises a sequence of 
ASSLNIA, and targets to muscle tissues. 

23. The composition of claim 20. wherein said homing peptide comprises a sequence of 
YSGKWGW, and targets to intestine. 

24. The composition of claim 20, wherein said homing peptide comprises a sequence 
selected fiom CGFELETC and CGEECVRQCPERC. and targets to lung tissues. 

25. The composition of claim 20, wherein said homing peptide selectively directs tiie 
progenitor cell to the target tissue. 

26. The composition of claim 1. wherein said targeting moiety comprises an antibody. 

27. The composition of claim 26, wherein said antibody is selected from antibodies to 
type n collagen, chondroitin-4-sulfate, and dermatan sulfate. 
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28. The composition of claim 26, wherein said antibody is selected from antibodies to 
collagens I, V, VI and IX, and condroitin-6-sulfate. 

29. The composition of any of claims 26-28. wherein said antibody is a monoclonal 
antibody. 

30. The composition of any of claims 26-28, wherein said antibody is a polyclonal 
antibody. 

31. The composition of any of claims 26-28, wherein said antibody is a humanized 
antibody. 

32. The composition of claim 1, wherein said targeting moiety is a fusion protein. 

33. The composition of claim 32, wherein said fusion protein comprises an Fc fragment. 

34. The composition of claim 32. wherein said fusion protein comprises a homing 
peptide. 

35. The composition of claim 1, wherein said targeting moiety comprises a receptor or a 
ligand. 

36. The composition of claim 35, wherein said receptor is a chemokine receptor. 

37. The composition of claim I, wherein said taigeting moiety comprises an aptamer. 

38. The composition of claim 1. wherein said taigeting moiety is a peptidomimetic. 

39. The composition of claim 1, wherein the target tissue is selected from neuronal tissue, 
connective tissue, hepatic tissue, pancreatic tissue, kidney tissue. bone'matTOw tissue, 
cardiac tissue, retinal tissue, intestinal tissue, lung tissue, and endotfielium tissue. 
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40. The composition of claim 1. wherein the target tissue is selected from cartilage. 
skeletaJ muscle, cardiac muscle, and smooth muscle, bone, tendon. Ugament, adipose 
tissue, and skin. 

41. The composition of any of claims 1-3, further comprising a bioactive factor. 

42. The composition of claim 40, wherein the bioactive factor is selected from a 
tiansforming growth factor, a bone morphogenetic protein, a cartilage-derived 
morphogenic protein, a growth differentiation factor, an angiogenic factor, a platelet- 
derived growth factor, a vascular endothelial growth factor, an epidermal growth 
factor, a fibroblast growth factor, a hepatocyte growth factor, an insulin-like growth 
factor, a nerve growth factor, a colony-stimulating factor, a neurotrophin, a growth 
hormone, an interleukin, a connective tissue growth factor, a parathyroid hormone- 
related protein, a chemokine. a Wnt protein, a Noggin, and a Gremlin. 



43. 



44. 



45. 



A method of delivering a progenitor ceU to a target tissue in a subject, comprising: 

a) coating a progenitor cell witii a linker; ' 

b) contacting the coated progenitor cell with a targeting moiety that binds to the linker 
and can then bind to the target tissue; and 

c) administering the progenitor cell complexed with the targeting moiety to a subject, 
wherein said targeting moiety selectively directs the progenitor cell to the target tissue. 

A method of delivering a progemtor cell to a target tissue in a subject, comprising: 

a) coating the progenitor cell with a targeting moiety tfiat binds to a target tissue and 
the progenitor cell; and 

b) administering tiie progenitor cell complexed with the targeting moiety to a subject, 
wherein said targeting moiety selectively directs tiie progenitor cell to the target tissue. 

The method of claim 43 or 44, wherein the progenitor cell is selected from a totipotent 
stem cell, pluripotent stem cell, multipotent stem cell, mesenchymal stem cell. 
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neuronal stem cell, hematopoietic stem cell. pancreaUc stem ceU. cardiac stem cell, 
embryonic stem cell, embryonic germ cell, neural crest stem cell, kidney stem cell.' 
hepatic stem cell, lung stem cell, hemangioblast cell, and endothelial progenitor cell. 

46. The method of claim 43 or 44. wherein the progenitor cell is derived from a de- 
differentiated chondrogenic cell, myogenic cell, osteogenic cell, tendogenic cell, 
ligamentogenic cell, adipogenic cell, and dermatogenic cell. 

47. The method of claim 43. wherein said linker is selected from protein G and protein A. 

48. The method of claim 43. wherein said linker is modified with a JipophiUc moiety. 

49. The method of claim 48. wherein said Kpophilic moiety is selected from palmitoyi 
moiety, myristoyl moiety, margaroyi moiety, stearoyl moiety, arachidoyi moiety, 
acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyl moiety, decanoyl moiety, 
lauroyl moiety. palmitoJeoyl moiety, behenoyl moiety, and lignoceroyl moiety. 

50. The method of claim 44. wherein said targeting moiety is modified with a lipophilic 
moiety. 

51. The method of claim 50, wherein said lipophilic moiety is selected fit>m palmitoyi 
moiety, myristoyl moiety, margaroyi moiety, stearoyl moiety, arachidoyi moiety, 
acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyl moiety, decanoyl moiety, 
lauioyl moiety, palmitoleoyl moiety, behenoyl moiety, and lignoceroyl moiety. 

52. The method of claim 43 or 44, wherein said progenitor cell expresses a cell surface 
marker or an extracellular matrix molecule. 



53. The method of claim 52. wherein said cell surface marker or extracellular , 

molecule is selected from CD4, CDS. C3)10. CD30. CD33. CD34. CD38, CD45. 



matrix 
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CaD133, CD146, fetal liver kinase-1 (Flkl), C-Kit, Lin, Mac-1, Sca-1, Stro-1, Thy-1, 
Collagen types H or IV, Ol, 04, N-CAM, p75, and SSEA. 

54. The method of claim 43 or 44, wherein said targeting moiety comprises a component 
of a specific binding pair. 

55. The method of claim 43 or 44, wherein said targeting moiety interacts with an epitope 
intrinsic to the target tissue. 

56. The method of claim 55, wherein the epitope is a protein or carbohydrate epitope of 
the target tissue. 

57. The method of claim 56, wherein the carbohydrate epitope is within a complex 
carbohydrate. 

58. The method of claim 57, wherein the complex carbohydrate binds to a lectin. 

59. The method of claim 57, wherein the complex carbohydrate is a proteoglycan. 

60. The method of claim 59, wherein the proteoglycan is selected from the group 
consisting of chondroitin sulfate, dermatan sulfate, heparin, heparan sulfate, 
hyaluronate, and keratan sulfate. 

61. The method of claim 43 or 44, wherein said targeting moiety comprises a homing 
peptide. 

62. The method of claim 61, wherein said homing peptide comprises a sequence selected 
from PWERSL, FMLRDR, and SGLRQR, and target to bone marrow tissues. 

63. The method of claim 61, wherein said homing peptide comprises a sequence of 
ASSLNIA, and targets to muscle tissues. 
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64. The method of claim 61 , wherein said homing peptide comprises a sequence of 
YSGKWGW, and targets to intestine. 

65. The method of claim 61, wherein said homing peptide comprises a sequence selected 
from CGEELETC and CGFECVRQCPERC, and targets to lung tissues. 

66. The method of claim 61, wherein said homing peptide selectively directs the 
progenitor cell to the target tissue. 

67. The method of claim 43 or 44. wherein said targeting moiety comprises an antibody. 

68. The method of claim 67. wherein said antibody is selected fiom antibodies to type E 
collagen, chondroitin-4-sulfate, and deimatan sulfate. 

69. The method of claim 67.;wherein said antibody is selected from antibodies to 
collagens I, V, VI and K, and condroitin-6-sulfate. 

70. n,e method of claim 67. wherein said antibody is a monoclonal antibody. 
•71. The method ofclaim 67, wherein said antibodyis a polyclonal antibody. 

72. The method of claim 67. wherein said antibody is a humanized antibody. 

73. The method of claim 43 or 44, wherein said targeting moiety is a fusion protein. 

74. The method of claun 73, wherein said fusion protein comprises an Fc fragment. 

75. The method of claim 73, wherein said fusion protein comprises.a homing peptide. 

76. The method of claim 43 or 44, wherein said targeting moiety comprises a receptor or a 
ligand. 
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77. The method of claim 76, wherein said receptor is a chemokine receptor. 

78. The method of claim 43 or 44, wherein said targeting moiety comprises an aptamer. 

79. The method of claim 43 or 44, wherein said targeting moiety is a peptidomimetic. 

80. The method of claim 43 or 44, wherein the target tissue is selected from neuronal 
tissue, connective tissue, hepatic tissue, pancreatic tissue, kidney tissue, bone manow 
tissue, cardiac tissue, retinal tissue, intestinal tissue, lung tissue, and endothelium 
tissue. 

81. The method of claim 43 or 44, wherein the target tissue is selected from cartilage, 
skeletal muscle, cardiac muscle, and smootii muscle, bone, tendon, ligament, adipose 
tissue, and skin. 

82. The method of claim 43 or 44 wherein tiie progenitor cell is treated with a bioactive 
factor. 

83. The metfiod of claim 82, wherein the bioactive factor is selected from a ti^sfonming 
growth factor, a bone morphogenetic protein, a cartilage-derived morphogenic protein, 
a growth differentiation factor, an angiogenic factor, a platelet-derived growtii factor, 

a vascular endotheUal growtii factor, an epidermal growth factor, a fibroblast growtii 
factor, a hepatocyte gibwth factor, an insulin-like growth factor, a nerve growth factor, 
a colony-stimulating factor, a neurotrophin, a growth homione, an interleuldn, a 
connective tissue growth factor, a parathyroid hormone-related protein, a chemokine, a 
Wnt protdn, a Noggin, and a Gremlin. 

84. The metiiod of claim 43 or 44. wherein the progenitor cell complexed witti the 
taiigeting moiety is delivered to the subject by injection into blood. 
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85. The method of claim 43 or 44, wherein the progenitor cell complexed with the 
targeting moiety is delivered to the subject by injection into the target tissue. 

86. The method of claim 43 or 44, wherein the progenitor cell complexed wi«i the 
targeting moiety is delivered to the subject by surgical implantation. 

87. The method of claim 43 or 44, wherein the progenitor cell complexed wi A the 
tar^ting moiety is delivered to the subject by subcutaneous injection. 

88. The method of claim 43 or 44, wherein the progenitor cell complexed wifli the 
targeting moiety is delivered to the subject by intra-peritoneal injection. 

89. The method of claini 43 or 44, wherein the progenitor cell complexed with the 
targeting moiety is delivered to the subject by intra-synovial injection. 

90. A method of treating a disease or a tissue injury, comprising: 

a) providing a progenitor cell Unked to a targeting moiety, wherein the targeting 
moiety selectively directs the progenitor cell to a diseased or injured target tissue; and 

b) deUvering the progenitor ceU linked with the targeting moiety to the diseased or 
injured target tissue. 

9 1 . The method of claim 90, wherein the progenitor cell is selected from the group 
consisting of a totipotent stem cell, pluripotent stem cell, multipotent stem cell, 
mesenchymal stem cell, neuronal stem cell, hematopoietic stem cell, pancreatic stem 
cell, cardiac stem cell, embryonic stem cell, embryonic germ cell, neural crest stem 
ceU, kidney stem cell, hepatic stem cell, lung stem cell, hemangioblast cell, and 
endodielial progenitor cell. 

92. The method of claim 90, wherdn the progenitor cell is derived from a de- 
differentiated chondrogenic cell, myogenic cell, osteogenic cell, tendo§enic cell, 
li^mentogenic cell, adipogenic cell, and dermatogenic cell. 
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93. The method of claim 90. wherein the target tissue is selected from neuronal tissue, 

connective tissue, hepatic tissue, pancreatic tissue, kidney tissue, bone marrow tissue, 
cardiac tissue, retinal tissue, intestinal tissue, lung tissue, and endothelium tissue. 



94. The method of claim 90. wherein the target tissue is selected from cartilage, skeletal 
muscle, cardiac muscle, and smooth muscle, bone, tendon, ligament, adipose tissue, 
and skin. 

95. The method of claim 90, for treating a disease or an injury selected from diabetes, 
cardiovascular disease, amyotrophic lateral sclerosis, Parkinson's disease, 
Huntington's disease, multiple sclerosis, stroke, myocardial infarction, spinal cord 
injury, brain injury, peripheral neuropathy, autoimmune diseases, liver based 
naetabolic diseases, acute liver failure, chronic liver disease, leukemia, sicWe-ceU 
anemia, bone defects, muscular dystrophy, bums, osteoarthritis, and macular 
degeneration. 

96. A tissue engineering composition, comprising: 

a) a progenitor cell; 

b) a targeting moiety that binds to a target tissue; and . 

c) a biocompatible scaffold, 

wherein the tissue engineesring composition generates a scaffold graft to be delivered 
to a target tissue. 

97. The composition of claim 96. wherein the scaffold comprises a bioresorbable material. 

98. The composition of claim 97, wherein the bioresorbable material comprises at least 
one molecule selected from a hydroxy acid, a glycolic acid, caprolactone, 
hydroxybutyrate. dioxanone, an orthoester, an orthocarbonate, or an aminocarbonate, 
collagen, cellulose, fibrin, hyaluronic acid, fibronectin, chitosan. 
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99. 



The composition of claim 96, wherein the scaffold comprises a non-bioiesorbable 
material. 



100. The composition of claim 99. wherein the non-bioresorbable material comprises at 
least one molecule selected from a polyalkylene terephthalate. a polyamide. 
polyalkene, poly(vinyl fluoride), polytetrafluoroethylene carbon fibers, natilral 
synthetic silk, carbon fiber, and glass. 



a 

or 



101. The composition of any of claims 96. 97. and 99. further comprising a bioactive 
fiictor. 



102. 



The composition of claim 101. wherein the bioactive factor is selected from a 
transforming growth factor, a bone morphogenetic protein, a cartilage-derived 
morphogenic protein, a growth differentiation factor, an angiogenic factor, a platelet- 
derived growth factor, a vascular endothelial growth factor, an epidermal growth 
factor, a fibroblast growth factor, a hepatocyte growth factor, an insulin-like growth 
factor, a nerve growth factor, a colony-stimulating factor, a neurotrophin. a growth 
honnone. an interleukin. a connective tissue growth factor, a parathyroid honnone- 
lelated protein, a chemokine. a Wnt protein, a Noggin, and a Gtemlin. 

The composition of claim 96. wherein the progenitor cell is selected ftom the group 
consisting of a totipotent stem cell, pluripotent stem cell, multipotent stem cell, 
mesenchymal stem cell, neuronal stem cell, hematopoietic stem cell, pancreatic stem 
cell, cardiac stem cell, embryonic stem cell, embryonic gemi cell, neural crest stem 
cell, kidney stem cell, hepatic stem cell, lung stem cell. hemangioWast cell, and 
endothelial progenitor cell. 

104. The composition of claim 96, wherein the progenitor cell is derived fix)m a de- 
differentiated chondrogenic cell, myogenic cell, osteogenic cell, tendogenic cell, 
ligamentogenic cell, adipogenic ceU, and dermatogenic cell. 



103. 
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105. The composition of claim 96, wherein said progenitor cell 



is pre-coated with a linker. 



106. The composition of claim 105. wherein said linker is selected from protein G and 
protein A. 

107. The composition of claim 105, wherein said linker is modified with a lipophilic 
moiety. 

108. The composition of claim 107, wherein said lipophilic moiety is selected from 
palmitoyl moiety, myristoyl moiety, margaioyl moiety, steaioyl moiety, arachidoyl 
moiety, acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyj moiety, decanoyl 
moiety, lautoyl moiety, palmitoleoyl moiety, behenoyl moiety, and lignoceroyl 
moiety. 

109. Thecompositionofclaim96.wheieinsaidpK,genitorcellisdirectlylinkedt«said 
targeting moiety. 

110. The composition of claim 109. wherein said targeting moiety is modified with a 
lipophilic moiety. 

111. The composition of claim HO. wherein said lipophilic moiety is selected from 
palmitoyl moiety, myristoyl moiety, margaroyl moiety, stearoyl moiety, arachidoyl 
moiety, acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyl moiety, decanoyl 
moiety, lauioyi moiety, palmitoleoyl moiety, behenoyl moiety, and lignocerayl 
moiety. 

1 12. The composition of claim 96. wherein said progenitor cell expresses a cell surface 
maricer or an extracellular matrix molecule. 

113. Thecomposition of claim 112. wherein saidcell surface marker or extmcellular matrix 
molecule is selected from CD4. CDS, CDIO. CD30. C3D33. CD34. CD38. CD45. 
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CD133, CD146. fetal liver kinase-1 (FJkl), C-Kit, Lin. Mac-1, Sca-1. Stro-l. Thy-1, 
Collagen types H or IV. Ol, 04, N-CAM, p75. and SSEA. 

114. The composition of claim 96. wheiein . said targeting moiety comprises a component of 
a specific binding pair. 

115. The composition of claim 96. wherein said targeting moiety interacts with an epitope 
intrinsic to the target tissue. 

116. The composition of claim 115. wherein the epitope is a protein or carbohydrate 
epitope of the target tissue. 

117. The composition of claim 116, wherein the carbohydrate epitope is within a complex 
carbohydrate. 

lis. The composition of claim 117. wherein the complex carbohydrate binds to a lectin. 

119. The composition of claim 117. wherem the complex carbohydrate is a proteoglycan. 

120. The composition of claim 119. wherem the pix>teoglycan is selected from the group 
consisting of chondroitin sulfate, dermatan sulfate, heparin, heparan sulfate, 
hj^uronate, and keratan sulfate. 

121. The composition of claim 96. wherein said targeting moiety comprises a homing 
peptide. 

122. The composition of claim 121, wherein said homing peptide comprises a sequence 
selected from PWERSL. FMLRDR. and SGLRQR. and target to bone : 



' marrow tissues. 



123. The composition of claim 122. wherein said homing peptide comprises a sequence of 
ASSLNIA, and targets to muscle tissues. 
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124. The composition of claim 121. wherein said homing peptide comprises a sequence of 
YSGKWGW, and targets to intestine, 

125. nie composition of claim 121, wherein said homing peptide comprises a sequence 
selected ftom CGEELETC and CGFECVRQCPERC. and targets to lung tissues. 

126. The composition of claim 121, wherein said homing peptide selectively directs the 
progenitor cell to the target tissue. 

127. The composition of claim 96. wherein said targeting moiety comprises an antibody. 

128. The composition of claim 127. wherein said antibody is selected from antibodies to 
type n collagen, chondroitin-4-sulfate, and dermatan sulfate. 

129. The composition of claim 127, wherein said antibody is selected from antibodies to 
collagens I, V, VI and IX, and condroitin-6-sulfate. 

130. The composition claim of 127. wherein said antibody is a monoclonal antibody. 
131-. The composition of claim 127, wherein said antibody is a polyclonal antibody.* 

132. The composition of claim 127. wherein said antibody is a humanized antibody. 

133. The composition of claim 96. wherein said targeting moiety is a fusion protein. 

134. The composition of claim 133, wherein said fosion pretein comprises an Fc fragment. 

135. The composition of claim 133. wherein said fusion protein comprises a homing 
peptide. 
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136. The composition of claim 96. wherein said targeting moiety comprises a receptor or a 
ligand. 

137. The composition of claim 136, wherein said receptor is a chemokine receptor. 

138. The composition of claim 96. wherein said targeting moiety comprises an aptamer. 

139. The composition of claim 96. wherein said targeting moiety is a peptidomimetic. 

140. The composition of claim 96, wherein the targs* tissue is selected from neuronal 
tissue, connective tissue, hepatic tissue, pancreatic tissue, kidney tissue, bone marrow 
tissue, cardiac tissue, retinal tissue, intestinal tissue, lung tissue, and endothelium 
tissue. 

141. The composition of claim 96. wherein the target tissue is selected from cartilage, 
skeletal muscle, cardiac muscle, and smooth muscle, bone, tendon, ligament, adipose 
tissue, and skin. 

142. A meUiod of delivering a scaffold graft in a target tissue, comprising: 

a) linking a progenitor cell to a targeting moiety that binds to a target tissue; 

b) seeding the progenitor cell fiiom (a) onto a biocompatible scaffold, tiiereby forming 
a scaffold graft; and 

c) implanting the scaffold graft from (b) in direct contact witii, or adjacent to, a target 
tissue for a sufficient time, 

wherein cells of the target tissue associate with tiie implanted scaffold graft, thereby to 
form new tissue. 

143. The method of claim 142. wherein the scaffold comprises a bioresorbable material. 

144. The method of claim 143. wherein the bioresorbable material comprises at least one 
molecule selected from hydroxy acid, glycolic acid, caprolactone, hydroxybutyrate, 
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dioxanone, orthoester, orthocarbonate, aminocarbonate. collagen, cellulose, fibrin, 
hyaluronic acid, fibronectin, and chitosan. 

145. The method of claim 142, wherein the scaffold comprises a non-biorcsorbable 
material* 

146. The method of claim 145, wherein the non-bioresorbable material comprises at least 
one molecule selected from polyalkylene terephthalate, polyamide, polyalkene, 
poly(vinyl fluoride), polytetrafluoroethylene carbon fibers, natural or synthetic silk, 
carbon fiber, and glass. ' 

147. Thb method of claim 142, wherein the progenitor cell is selected from the group 
consisting of a totipotent stem cell, pluripotent stem cell, multipotent stem cell, 
mesenchymal stem cell, neuronal stem cell, hematopoietic stem cell, pancreatic stem 
cell, cardiac stem Cell, embryonic stem cell, embryonic germ cell, neural crest stem 
cell, kidney stem cell, hepatic stem cell, lung stem cell, hemangioblast cell, and 
endothelial progenitor cell. 

148. The method of claim 142, wherein the progenitor cell is derived from a de- 
differentiated chondrogenic cell, myogenic cell, osteogenic cell, tendogenic cell, 
ligamentogenic cell, adipogenic cell, and dermatogenic cell. 

149. The method of claim 142, wherein said progenitor cell is pre-coated with a linker. 

150. The method of claim 149, wherein said linker is selected from protein G and protein 
A. 

151. The method of claim 149, wherein said linker is modified with a lipophilic moiety. 

152. The method of claim 151, wherein said lipophilic moiety is selected from palmitoyl 
moiety, myristoyl moiety, maigaroyl moiety, stearoyl moiety, arachidoyl moiety, 
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acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyl moiety, decanoyl moiety, 
lauroyl moiety, palmitoleoyl moiety, behenoyl moiety, and lignoceroyl moiety. 

153. The method of claim 142, wheiein said progenitor cell is directly linked to said 
targeting moiety. 

154. The method of claim 153, wherein said targeting moiety is modified with a lipophilic 
moiety. 

155. The method of claim 154, wherein said lipophilic moiety is selected from palmitoyl 
moiety, myristoyl moiety, margaroyl moiety, stearoyl moiety, arachidoyl moiety, 
acetyl moiety, butytyl moiety, hexanoyl moiety, octanoyl moiety, decanoyl moiety, 
lauroyl moiety, palmitoleoyl moiety, behenoyl moiety, and lignoceroyl moiety. 

156- The method of claim 142, wherein said progenitor cell expresses a cell surface marker 
or an extracellular matrix molecule. 

157. The method of claim 156, wherein said cell surface marker or extracellular matrix 
molecule is selected from CD4, CDS, CDIO, CD30, CD33, CD34, CD38, CD45, 
CD133, CD146, fetal liver Wnase-l (Hkl), C-Kit, Lin, Mac-1, Sca-1, Stro-l, Thy-1, 
Collagen types H or IV, Ol, 04, N-CAM, p75, and SSEA. 

158. The method of claim 142, wherein said targeting moiety comprises a component of a 
specific binding pair. 

159. The method of claim 142, wherein said targeting moiety interacts with an epitope 
intrinsic to the target tissue. 

160. Hie method of claim 159 wherein the epitope is a pio,tein or carbohydrate epitope of 
the target tissue. 
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161. The method of claim 160. wherein the carbohydrate epitope is within a complex 
carbohydrate.' 

162. The method of claim 161, wherein the complex caibohydiate binds to a lectin. 

163. The method of claim 161. wherein the complex carbohydrate is a proteoglycan. 

164. The composition of claim 163, wherein the proteoglycan is selected from the group 
consisting of chondroitin sulfate, dennatan sulfate, heparin, heparan sulfate, 
hyaluronate, and keratan sulfate. 

165. The method of claim 142, wherein said targeting moiety comprises a homing peptide. 

166. The method of claim 165, wherein said homing peptide comprises a sequence selected 
from PWERSL, FMLRDR, and SGLRQR, and target to bone marrow tissues. 

167. The method of claim 165, wherein said homing peptide comprises a sequence of 
ASSLNIA, and targets to muscle tissues. 

168. The method of claim 165. wherein said homing peptide comprises a sequence of 
YSGKWGW. and targets to intestine. 

169. The method of claim 165, wherein said homing peptide comprises a sequence selected 
from CGEELETC and CGEECVRQCPERC, and targets to lung tissues. 

170. The method of claim 165. wherein said homing peptide selectively directs the ^ 
progenitor cell to the target tissue. 

171. The method of claim 142, wherein said targeting moiety comprises an antibody. 
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172. The method of claim 171, wherein said antibody is selected from antibodies to type II 
collagen, chondroitin-4-sulfate, and dermatan sulfate. 

173. The method of claim 171 , wherein said antibody is selected from antibodies to 
collagens I, V, VI and IX, and condroitin-6-sulfate. 

174. The method claim 171, wherein said antibody is a monoclonal antibody. 

175. The method of claim 171, wherein said antibody is a polyclonal antibody. 

176. The method of claim 171, wherein said antibody is a humanized antibody. ^ 

177. The method of claim 142, wherein said targeting moiety is a fusion protein. 

178. The metfiod of claim 177, wherein said fusion protein comprises an Fc fragment. 

179. The method of claim 177, wherein said fusion protein comprises a homing peptide. 

1 80. The method of claim 142, wherein said targeting moiety comprises a receptor or a 
ligand. 

181. The method of claim 1 80, wherein said receptor is a chemokine receptor. 

1 82. The method of claim 142, wherein said targeting moiety comprises an aptamer. 

1 83. The method of claim 142, wherein said targeting moiety is a peptidomimetic, 

184. The method of claim 142, wherein the target tissue is selected from neuronal tissue, 
connective tissue, hepatic tissue, pancreatic tissue, kidney tissue, bone marrow tissue, 
cardiac tissue, retinal tissue, intestinal tissue, lung tissue, and endothelium tissue. 
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185. The method of claim 142, wherein the target tissue is selected from cartilage, skeletal 
muscle, cardiac muscle, and smooth muscle, bone, tendon, ligament, adipose tissue, 
and skin. 

1^6. The method of claim 142, wherein the scaffold graft comprises a bioactive factor. 

187.1 The method of claim 186, wherein the bioactive factor is selected from a transforming 
growth factor, a bone moiphogenetic protein, a cartilage-derived moiphogenic protein, 
a growth differentiation factor, an angiogenic factor, a platelet-derived growth factor, 
a vascular endothelial growth factor, an epideraial growth factor, a fibroblast growth 
factor, a hepatocyte growth factor, an insulin-like growth factor, a nerve growth factor, 
a colony-stimulating factor, a neurotrophin, a growth hormone, an interleukin, a 
connective tissue growth factor, a parathyroid hormone-related protein, a chemokine, a 
Wnt protein, a Noggin, and a Gremlin. 

188. The method of claim 142, wherein the scaffold graft is delivered to the target tissue by 
suigical implantation. 

189. The metiiod of claim 142, further conqntising removing the scaffold graft from the 
subject. 
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Abstract 



In certain aspects, the invention relates to cell delivery compositions comprising a 
progenitor cell and a targeting moiety, and methods related thereto. Such compositions and 
methods may be used, for example, in administering a targeted cell therapy to a subject. 
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Figure 2: Cell viabflity is indicated as a percentage of the starting cell number prior to 
treating with LAB-P (PPG). No significant loss of cell numbers were observed at any 
concentration of LAB-P that was used. 
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which is visible in in some of the lacunae. 



Figure 4: Pre-chondroc3^es coated 
with 60 ug/ml of PPG were cultured in 
chondrogenic conditions for 3 weeks, 
harvested, fixed, embedded and 
sectioned and then stained for collagen 
typell. The intense purple staining 
indicates the presence of ^e 11 
collagen indicating that the coating 
procedure has not interfered with the 
ability of these cells to differentiate 
into choiulrocytes. The sample was 
counter-stained vnHh Fast Green, 
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Figures: Taigetiiig of Vybrant-stained cells to frozen sections of cartOage. Vybrant 
cells (green) are shown on the sur&ce of rabbit articular cartilage sections; cartilage 
nuclei are stamed red withpropidium iodine. Upper left shows control cells (PPG only); 
onfy a few ceUs adhere. Upper right shows ceUs coated with PPG + anti-type II collagen 
an^ody; low«; left. PPG + anti^ondn>ititt4-sulfate; lower right. PPG i anti-kera^ 
ST^^' ^ il * ^ incubated with cells containing the targeting antibody 

had nnoieVybrant-positive cells than did contioL soiiuDouy 




Figure 6: Bqjlants of rabbit articular cartilage incubated with Vybrant-stained cells. 
Upper left shows cells coated with PPG only. Only one cell, is visible on the left side of 
the u-sh^ed defect. Upper right is chouidrottin-4-sulftite antibody, lower left-collagen 
n (arrow points to insert showing a higher magnification of Vybrant-positive ceUs), and 
lower right is both antibodies in cqmbinatioa Eadi of the antibody coated cell 
pr^arations showed greater numbns of poative cdls in the defects than was observed in 
the PPO only control. . 
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